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ABSTRACT 
The tandem chromosomal kinase in Drosophila, JIL-1, is associated with the polytene 
chromosomes during cell cycle and is able to phosphorylates histone H3 serine 10. Studies of 
loss-of-function JIL-1 P-element mutationsshowed that JIL-1 is essential for normal polytene 
chromosome morphology. JIL-1 protein level is up-regulated about two-fold on the male X 
chromosome and its molecular interaction with the MSL complex suggests that it is involved 
in dosage compensation pathways. Adult male flies with hypomorphic JIL-1 mutations have 
ectopic bristles on their A6 abdominal segment indicating that JIL-1 might play a role in 
homeotic transformation pathways. 
EMS mutagenesis was performed to induce point mutations of JIL-1 and the screen 
was designed to recover temperature-sensitive JIL-1 alleles. After screening more than 50,000 
chromosomes, 11 new mutant alleles were identified. 4 of these mutant alleles were selected 
for further study. Three of the four mutations alter polytene chromosome morphology in a 
manner similar to a known JIL-1 null mutation. One mutation produced a polytene 
chromosome phenotype similar to JIL-1 hypomorphic mutations. All of the four mutations 
produce an adult male homeotic transformation phenotype. JIL-1 fluorescence-conjugated 
antibody staining showed the JIL-1 protein level was reduced on polytene chromosomes and 
that the localization of the JIL-1 staining was different from the wild type for all four 
mutations. Western analysis showed no detectable JIL-1 protein in mutant individuals for all 
four mutations. The DNA sequence of the open reading frame regions of JIL-1 was 
determined or one mutant 29-1 b, and no significant site change was found. 
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CHAPTER I. GENERAL INTRODUCTION 
Introduction 
Gene expression regulation is consistently in progress during the whole 
cell life span. The balance of all of the gene expression and suppression is vital 
for normal cell function. Because the amount of hereditary information is 
massive in the nucleus of an eukaryotic cell, the packaging of the DNA helices 
with histones and other accessory proteins has to be maintained all the time. 
While the DNA packaging is important for a cell, how a piece of compactly 
packaged DNA can be loosen up to let the transcription machinery gain access to 
express specific target genes is no less significant. The dynamic change of this 
pack-unpack process between DNA strands, histones and other related proteins 
on chromosomes is called chromatin remodeling. Even though the exact 
mechanism of chromatin remodeling is still under vigorous exploration, two 
possible means have been proposed to date. The first one suggests the physical 
movement of the core histone, which is the center protein component that DNA 
strand wraps around, from the suppressed target gene region to neighboring 
areas via consuming ATP energy. The second scheme involves various covalent 
modifications of histone NH2-terminal tails that is likely to create some indirect 
force resulting in separation of DNA and histone contact and to recruit other 
chromatin-associated factors to aid transcription apparatus (reviewed in 
Vermaak, Ahmad and Henikoff, 2003). 
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Histone tail modification has been linked to many cell cycle events; 
histone H3 serine 10 phosphorylation, in particular, has been correlated with 
activation of transcription in many organisms (Cheung et al., 2000; Nowak and 
Corces, 2000; Thomson et al., 2001; Strelkov and Davie 2002; reviewed in David 
and Spector, 2003). A novel tandem kinase identified in our laboratory (Jin et 
al., 1999), JIL-1, modifies histone H3 serine 10 and plays a critical role in 
several gene expression regulation pathways, in ways that will be discussed 
below in more detail. 
JIL-1 encodes a chromosomal tandem kinase which has one NH2-terminal 
domain (NTD), two serine/threonine kinase domains and one COOR-terminal 
domain (CTD). JIL-1 protein is composed of total 1207 amino acids with 
calculated molecular mass of 137 kDa. It was initially isolated from a Drosophila 
melanogaster expression library with the antibody mAb2A. mAb2A antibody 
identified a novel nuclear structure in Drosophila embryos which formed 
distinct diffuse-meshwork patterns in different phases throughout the cell cycle 
(Johansen, 1996; Johansen et al., 1996). When using the two kinase domains of 
JIL-1, kinase domain I (KDI) and kinase domain II (KDII), to do homology 
searches against the database, the human mitogen- and stress-activated kinase, 
MSKl, was identified as the most related homolog to KDI. Other possible 
homologs of JIL-1 KDI also include human RSK2 and Drosophila RSK; while 
human MSKl is 63% identical in KDI to JIL-1, Drosophila RSK is only 4 7% 
identical in KDI to JIL-1. JIL-1 KDII was not closely related to any other kinase 
3 
family. It is merely 32% and 28% identical to the second kinase domain in 
human MSKl and Drosophila RSK, respectively. Even though phylogenetic 
analysis puts JIL-1 and human MSKl into one kinase subfamily, which is highly 
related to, but distinct from, the RSK subfamily kinases, JIL-1 shows extended 
NTD and CTD domains that are not similar to those of MSKs, suggesting 
possible divergent regulatory functions of these regions (Jin et al., 1999). Since 
JIL-1 human homolog MSKl has been suggested to be the major histone H3 
serine 10 kinase in mouse fibroblast cells (Thomson et al., 1999), JIL-1 was also 
tested for its role in histone H3 serine 10 phosphorylation. Phosphorylation on 
histone H3 serine 10 of the N-terminal tail was first discovered to be crucial for 
chromosome condensation and segregation during mitosis and meiosis (Gurley et 
al., 1978; Wei et al., 1998). However, while phosphorylation is necessary for 
initiation of chromosome condensation in mammalian and T. thermophila cells, 
it is not required for cell-cycle progression in yeast; furthermore, the function of 
this phosphorylation is associated with chromosome cohesion rather than 
condensation in maize (Wei et al., 1998; Van Hooser et al., 1998; Hsu et al., 
2000; Kaszas and Cande, 2000). Even though the pattern of histone H3 
phosphorylation requirement is dissimilar in different organisms, the link 
between this modification and transcriptional activation has been firmly 
established. (Gurley et al., 1978; Wei et al., 1998; 1999; Hans and Dimitrov, 
2001; Strelkov and Davie, 2002). In vitro JIL-1 kinase assays clearly showed 
that the presence of JIL-1 protein correlated well with the phosphorylation of 
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histone H3 serine 10 (Jin et al., 1999) and it establishes a solid indication of JII-
l's function in gene expression regulation pathways. 
JIL-1 not only localizes to chromosomes throughout mitosis in live 
embryos, but also largely binds to most interband regions on Drosophila 
polytene chromosomes with little overlap with condensed DNA bands (Jin et al., 
1999). The interband regions on chromosomes have been proposed to correspond 
to the sites of actively transcribed genes (Zhimulev et al., 1981; Rykowski et al., 
1988). The level of JIL-1, however, interestingly, was not equal in two sexes. In 
female animals, JIL-1 associates with all chromosomes at about equal levels 
whereas in male animals, JIL-1 is upregulated about two-fold on the X 
chromosome (Jin et al., 1999). This upregulation is believed to be related to the 
dosage compensation mechanism in Drosophila. The majority of genes on the 
single male X chromosome have to express twice as much as those in females in 
order to achieve the equal amounts of the same gene products coming from two 
female X chromosomes (Nukherjee and Beermann, 1965). Many studies support 
that male dosage compensation in Drosophila is controlled by the male specific 
lethal (MSL) complex which has been shown to contain at least two non-coding 
RNAs and five proteins to date (Kelly and Kuroda, 2002; Gilfillan et al., 2004). 
Immunostaining using either MSLl, MSL2 or MSL3 antibody double labeled 
with JIL-1 antibody on polytene chromosomes revealed a mainly colocalized 
binding pattern along the entire male X chromosome except at the tip (Jin et al., 
2000). Coimmunoprecipitation experiments further confirm the molecular 
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interaction between JIL-1 and MSL complex (Jin et al., 2000) and this 
interaction suggests a possible role for the JIL-1 kinase in dosage compensation 
pathway. 
The most astonishing evidence, which directs JIL-1 's involvement in 
chromatin structure remodeling, was displayed by JIL-1 loss-of-function 
mutants. In JIL-1 22, a null mutant, and many JIL-1 hypomorph mutants, the 
normal polytene chromosome morphology was severely perturbed (Wang et al., 
2001). All the well-characterized, distinct banding patterns on both autosomes 
and sex chromosomes are diminished. All the chromosomes arms have shortened 
and coiled up. The male X chromosome was affected nearly twice as much as the 
female X chromosome; hence, in the JIL-1 mutant animals, the male X 
chromosome has completely lost not only its banding pattern, like the other 
chromosomes have, but also its rod-like shape and become puffy, round ball-like 
shape (Wang et al., 2001). 
The most recent study has shown that JIL-1 may be involved in the 
regulation of homeotic genes as well since individuals homozygous for loss-of-
function hypomorphic alleles have A6 to A5, posterior to anterior, homeotic 
transformation of adult abdominal segments. Moreover, the genetic interaction 
between JIL-1 and two of the known trithorax group genes, brahma and 
trithorax, further strengthens JIL-l's role in the homeotic regulation pathway 
(Zhang et al., 2003b). Its interaction with one of the novel splice isoforms from 
the Zola locus, whose various isoforms have been shown to have different 
6 
regulatory functions (Cavarec et al., 1997), implicates JIL-l's potential 
involvement in other regulatory pathways (Zhang et al., 2003a). 
All of the above existing data endorse that JIL-1 plays a major role in 
chromosome structure remodeling and gene expression regulation; thus, in order 
to extend our knowledge about JIL-l's effect on gene expression regulation, it is 
essential to clarify JIL-1 's role in each of the pathways it regulates. However, 
those previous studies were all done by utilizing either the P-element deletion or 
insertion mutants. Deletion/insertion mutants very often cause key structural 
changes to chromosomes and/or genes, which makes it difficult to separate the 
real function of different functional domains within the mutated gene. To 
mutationally dissect the function of JIL-1 domains and to generate more 
powerful genetic tools to investigate JIL-1 's role in each developmental stage, we 
carried out EMS mutagenesis to induce point mutations of JIL-1 and designed 
the screen to recover temperature-sensitive alleles. True point mutants altered 
in only one location will provide us molecular information regarding the 
function-structure relationship of JIL-1, which will help us 1) understand links 
between domains and functions, and 2) identify the most important interacting 
sites. Furthermore, by shifting the temperature during development, the 
temperature-sensitive mutants can be used to study the effect of removing JIL-1 
function at any interested developmental period. This can dissect JIL-1 's 
function in an even greater detail. 
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RESEARCH QUESTIONS ADDRESSED 
1. Isolation of JIL-1 point mutations 
Previous studies have used JIL-1 EP element insertion and deletion 
mutant alleles to characterize JIL-1 mutant phenotypes (Wang et al., 2001). 
However, these EP element instertion and deletion mutants have major 
structural changes which makes it difficult to separate the diverse functions of 
different JIL-1 domains. Moreover, many of the deletion mutants also have 
either downstream or upstream genes removed. New point mutation alleles and 
conditional alleles were induced by EMS mutagenesis to provide us a powerful 
genetic tool to better understand JIL-l's structual and function relationship and 
its distict role in different developmental stages. 
2. Do any of the new mutants show temperature sensitivity? 
One of the most improtant goals of EMS mutagenesis was to induce 
temperature-sensitive alleles. These conditional mutant alleles will allow us to 
observe mutant phenotypes at any desired developmental st age without being 
affected by previous developmental events. Out of 11 confirmed JIL-1 mutants 
isola t ed , 10 of them show t emperature sen sit ivity under two differ ent 
temperatures either in male or female or both animals. 
3. Do any of the new mutants show differences in dosage-
compenstation? 
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JIL-1 has been shown to interact either directly or indirectly with the 
MSL complex, but which JIL-1 function or JIL-1 domain is responsible for this 
interaction is not known (Jin et al., 2000). However, if EMS mutagenesis makes 
random point mutations on different regions of JIL-1, it is possible that some of 
the mutations would affect this domain, and if so would show dosage-
compensation differences for male and female animals. All of the 11 mutants 
show male-female viability ratio differences under either higher or lower or both 
temperatures. However, only 5 of them display significant differences, i.e., the 
mutants show a greater than 30% male-female ratio difference under either 
temperature. The four mutations with both major reduction in complimentation 
of the null allele and the strongest dosage-compensation differences were 
selected for futher analysis. 
4. Do any of the four chosen mutants show altered polytene 
chromosome structure? 
One of JIL-l's most improtant functions is to maintain normal polytene 
chromosome morphology (Wang et al., 2001). The polytene chromosome squashes 
prepared from the third-instar larva of the JIL-1 P-element deletion, null 
mutant animals showed shortened, puffy, and loss-of-banding-pattern abnormal 
morphology (Wang et al., 2001). All of the four mutants chosen have perturbed, 
JIL-1 null-like polytene chromosome morphology. The mutated sites of these 
mutants will provide us fundamental information regarding the functional sites 
that are critical for polytene chromosome structure maintenance. 
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5. How much JIL-1 protein is present in the new mutants and where 
does it locate? 
JIL-1 protein level correlates positively to the degree of histone H3 serine 
10 phosphorylation and negatively to the degree of abnomality of polytene 
chromosomes in deletion mutant alleles (Wang et al., 2001). However, for point 
mutations, the mutant JIL-1 protein in each mutant could be reduced in amount 
or could be present in an altered form. Analysis of the amount and site of JIL-1 
protein in mutants and whether that protein is located to the chromosomes in 
mutant animals will give us valuable information about JIL-1 's role in 
chromatin sturcture maintenance. 
6. Can a full-length JIL-1 construct rescue the lethality of the new 
mutants? 
All of the mutations wer e isolated based on complimentation t ests, in 
which the ability of the new allele to compliment the null allele was measured. If 
the lethality observed in the complimentation t est was caused by the mutant 
allele not being able to compliment the normal function of the null allele, then a 
full-length JIL-1 construct should be able to rescue the lethality to a significant 
level. As expected, when one copy of a functional JIL-1 full -length construct 
inserted on the second chromosome was crossed into the mutant animal, the 
lethality of all four mutants was lar gely r escued. 
7. Where is( are) the lesion site(s) of the new mutants? 
10 
The ultimate goal of the mutational study is to corrlate a protein's 
function(s) with its functional site(s). Once we have characterized the mutant 
phenotypes for each new mutant, we will find out the lesion site(s) that causes 
the mutant phenotype to dissect the funtional regions in detail. 
Thesis Organization 
Chapter 1 of this thesis starts with introducing all known functions of 
JIL-1; including its involvement in polytene chromosome morphology 
maintenance, dosage compensation, homeotic transformation pathway and 
possibly gene expression regulation. The scientific questions addressed in the 
thesis are also given at the end of the introduction. The last part of chapter 1 
provides the literature review of all the r elated topics of this thesis research. It 
covers five sections including, chromatin, nucleosome, and core histone tails; 
chromatin remodeling; dosage compensation in Drosophila melanogaster; EMS 
mutagenesis; t emperature-sensitive mutations. Chapter 2 presents the major 
work of inducing and isolating new JIL-1 point mutation alleles. The EMS 
mutagenesis was designed and performed in two parts - a heat-sensitive screen 
and a cold-sensitive screen, and the results are shown in Table 2. Then the 
potential mutants were further tested with another null allele and the results 
were presented in Table 3. Finally, different balancers wer e u sed to test if the 
mutant lethality phenotype was affected by a balancer effect and the results are 
shown in Table 4. In chapter 3, I report the result of mutant phenotype 
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characterization of four selected mutants. I examined the A6 to A5 homeotic 
transformation phenotype on the surviving male flies (Figure A) as well and the 
frequencies of the phenotype are presented in Table 1. The polytene chromosome 
morphology and the JIL-1 protein locations on chromosomes were checked as 
shown in Figure C. Western blot analysis was also done to detect the JIL-1 
protein level existing in the mutant animals; it is shown in Figure D. I then 
crossed JIL-1 full-length construct into the mutant animals and the percentage 
of rescue is in Table 2. Chapter 4 is the general conclusion and discussion drown 
from the observations in chapter 2 and 3 followed by suggestions for future 
research. I will then end the chapter 4 with all the references cited in the whole 
thesis. 
Literature Review 
CHROMATIN, NUCLEOSOME, AND CORE HISTONE TAILS 
In order for the entire eukaryotic DNA double helix strand to be packaged 
into a limited defined nuclear space, the DNA double helix has to wrap around 
numerous sets of a protein complex called the core histones to form repeated 
nucleosomal arrays (Kornberg, 1974). Later, these nucleosomal arrays will bind 
to another histone to be further organized into higher order chromatin structure. 
One nucleosome is comprised of about 120 base pairs of DNA that wrap in 
approximately two turns around one core histone octamer. 146 base pairs of 
DNA have actual contact with the core histone (Luger et al., 1997), which is 
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composed of one histone H3/H4 tetramer and two histone H2A/H2B 
heterodimers. The body of each type of core histone contains three a helices 
connected by loops to form so-called "histone fold" and the histone proteins in the 
same nucleosome interact through the histone folds. Each histone also has 
extended tails protruding out of the nucleosome core particle at both the NH2-
terminal and COOR-terminal ends. Since most of the double-helical DNA strand 
is embraced into the nucleosome arrays, the contact between the DNA and the 
histones theoretically limits the interaction of the DNA strand and other non-
histone factors, which inhibits some of the biological processes, like transcription 
(reviewed in Luger et al., 1997). While the core histones suppress the access of 
other non-histone factors to the encountered DNA, the highly basic histone tails 
projecting outward seem to be a perfect target for many covalent modifications 
(reviewed in Strahl and Allis, 2000) and other specific chromatin-associated 
protein binding (reviewed in Hansen, 2002). It was thought that the large 
concentration of positively charged residues and the lack of secondary structure 
in NMR studies of isolated tail domain peptides mediated chromatin fiber 
dynamics by binding to DNA as unstructured coils and neutralizing negative 
charge (Hansen, 1997; Hansen et a l., 1998). It now appears that the tail domains 
mediate chromatin condensation through multiple molecular mechanisms, only 
one of which may involve simple DNA charge neutralization (reviewed in 
Hansen, 2002; Fletcher and Han sen , 1995; Hansen , 1997; Hansen et al., 1998). 
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The X-ray crystal structure of a core nucleosome particle was resolved in 
1997 (Luger et al., 1997). A striking feature of the structure is that the DNA is 
not wrapped uniformly around the octamer but instead varies in curvature 
(Richmond et al., 1984). The width of the major and minor grooves also varies 
considerably throughout the nucleosome core (reviewed in Ramakrishnan, 1997). 
Also, even though the histone octamers are not sequence-specific proteins, they 
tend to preferentially bind to some particular sequences rather than others; this 
characteristic is called nucleosome phasing (reviewed in Ramakrishnan, 1997). 
The reason that the core histone shows the sequence-related preferential binding 
is that the structure and bendability of DNA is sequence dependent (reviewed in 
Ramakrishnan, 1997). Thus a major determinant of nucleosome positioning 
comes from its so-called rotational setting, which is related to the ability of the 
particular DNA sequence to curve around the histone octamer (reviewed in 
Ramakrishnan, 1997). The nucleosomal arrays are merely the first degree of 
chromatin organization. It is also known that these nucleosomal arrays will 
further coil up to form a 10 and then 30 nm chromatin fibers. Yet, beyond the 30 
nm level, not much has been discovered regarding how chromatin is folded to 
organized into an even higher order chromatin structure. One thing for sure· 
thus far is that many protein-mediated assembly processes are involved in the 
chromatin organization (reviewed in Hansen, 2002). One example showed the 
yeast-silencing proteins such as Sir3p and Tuplp could interact with the histone 
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H3 and H4 NH2-terminal tail domains to repress the target genes (Edmondson 
et al., 1996; Hecht et al., 1995). 
Usually even the most condensed chromosomes cannot be seen using a 
light microscope. The polytene chromosomes are exception. They are specialized 
chromosomes found in many insects and formed by chromosomes undergoing 
many rounds of duplication without cytokinesis. These chromosomes not only 
have thousands of identical copies, but the chromatids also align well between 
homologous sequences; hence in interphase, the huge, fat, polytenized 
chromosomes with distinct banding patterns are formed and can be visualized 
using a phase contrast microscope. The bands and interband regions on the 
polytene chromosomes are generally associated with the gene-poor/inactive 
heterochromatin and gene-rich/active euchromatin, respectively (Weiler and 
Wakimoto, 1995). Heterochromatin differs from euchromatin in its DNA 
composition, replication timing, and condensation through out the cell cycle 
(Heitz, 1928). More interestingly, heterochromatin has ability to silence 
euchromatin genes placed adjacent to or within its territory, which is referred to 
as position-effect-variegation (PEV) (Muller, 1930). 
PEV was first found in Drosophila and was shown that the genes been 
translocated to positions in close proximity to heterochromatin had been silenced 
(Muller, 1930). More extended studies showed that genes that were more 
proximal to heterochromatin were silenced first, with subsequent silencing of 
distal genes (Demerec and Slisynska, 1937; Schultz, 1939); but, this view has 
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been challenged recently (Talbert and Henikoff, 2000). PEV phenomenon 
indicates that chromatin organization could influence gene expression. More 
than 30 PEV modifiers have been identified so far and most of them are involved 
in chromatin structure regulation, histone modification or DNA replication 
(reviewed in Wallrath, 1998). How heterochromatin affects the expression of 
neighboring genes is still under investigation whereas the studies on PEV 
modifiers suggested that these modifiers were able to help to maintain or 
promote discrete heterochromatin or euchromatin regions (reviewed by Weiler 
and Wakimoto, 1995). Two of the main characters of chromatin structure 
components have been defined with this approach, they are heterochromatin 
protein 1 (HPl) and histone methyltransferase Su(Var)39Hl. PEV was 
originally accepted as the result of the heterochromatin having a dominant 
silencing effect on euchromatic genes that become associated with it; however, a 
PEV experiment done in mice provided evidence showing that some mammalian 
genes might be able to bind transcription factors to cis-acting sequences to 
overcome the silencing effects of heterochromatin (reviewed in Dillon, 2004). 
Boundary elements or insulators are proteins that can protect genes from 
surrounding signals to ensure independence of gene expression; they have either 
enhancer blocking or barrier activity or both properties (West et al., 2002). One 
of the mechanisms of insulator function deals with structural chromatin 
organization. In this model, the insulators can direct the physical organization of 
chromatin to form separable and independent structur al domains, and 
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interactions between those are somehow prevented (Labrador and Corces, 2002; 
West et al., 2002) . Endogenous binding sites of gypsy/suppressor of hairy wing 
(Su(Hw)) insulator are frequently found at the borders between band and 
interbands of polytene chromosomes, suggestive of their role in this type of 
partitioning. The primary role of boundary elements may thus be structural 
partitioning of chromatin into higher-order physical domains such as insulator 
bodies associated with a particular transcriptional identity (reviewed in 
Capelson and Corces, 2004). 
Other sets of genes working accordingly to keep the chromatin well-
structured are the trithorax group (trx-G) and polycomb group (Pc-G). These two 
proteins, Trx-G and Pc-G, are essential for maintaining cell identity through cell 
divisions (reviewed in Simon and Tamkun, 2002; Kennison, 2004). The 
mechanism of this "cellular memory system" is achieved by two completely 
opposite actions of Trx-G and Pc-G. Trx-G proteins help gene-active chromatin 
domains to maintain their euchromatic status, while Pc-G proteins make the 
heterochromatic regions retain their condensed apparatus (reviewed in Orlando 
and Paro, 1995). Some activities associated with Trx-G and Pc-G proteins have 
been recently found in multi-component complexes involved in chromatin 
remodeling or histone modifications (review in Simon and Tamkun, 2002). 
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CHROMATIN REMODELING 
Nucleosomes are not fixed idle particles; they are rather dynamic. There 
are two well-classified mechanisms, ADP-dependent chromatin remodeling and 
histone modification, that can modulate the contact between histones and DNA 
strands (Belotserkovskaya and Berger, 1999; Krebs and Peterson, 2000; 
Gregory, Wagner and Horz, 2001). The former acts in a more direct way than the 
latter. In ADP-dependent chromatin remodeling, the input of energy from ATP 
hydrolysis often leads to the relocation of histone octamers from a particular 
DNA fragment to available acceptor DNA in cis or trans, establishing a "fluid" 
state of chromatin. Thus, the overall packaging of DNA is maintained, but 
individual sequences are transiently exposed to interacting factors (Kingston 
and Narlikar, 1999; reviewed in Becker and Horz, 2002). The common feature of 
nucleosome remodeling factors is a dedicated ATPase subunit of the Swi2/Snf2 
family of ATPases (Eisen, Sweder and Hanawalt, 1995). In Drosophila 
melanogaster, there are four remodeling complexes. The Brahma complex is 
equivalent to the yeast Swi/Snf ATP-dependent chromatin remodeling complex 
(Tamkun et al., 1992). The brahma complex seems to be involved in regulating 
the Wingless signaling pathway as one of its functions is to repress wingless 
target genes (Collins and Treisman, 2000). It is also needed for a DNA binding 
transcription activator-directed activation on nucleosomal templates when 
tested in reconstituted transcription assays (Kal et al., 2000). Three other ISWI-
containing remodeling complexes in D. melanogaster are nucleosome remodeling 
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factor (NURF), ATP-utilizing chromatin assembly and remodeling factor (ACF) 
and chromatin accessibility complex (CHRAC). All of them essentially can 
induce the sliding of nucleosomes to neighboring DNA segments, thereby 
rendering DNA segments accessible to interacting factors (reviewed in Becker 
and Horz, 2002). Mutant flies in which the ISWI function has been removed 
have a perturbed male X polytene chromosome structure (Deuring et al., 2000; 
Corona et al., 2002). Compared to wild-type looking autosomes, the male X 
chromosome is puffier in ISWI mutants. In other ISWI mutation studies of other 
remodeling complexes, only NURF301 mutation exhibits the same male X 
chromosome puffy phenotype (Badenhorst et al., 2002) . Therefore, NURF 
complex is necessary for male X chromosome structure maintenance. 
The second mechanism involved in chromatin remodeling is histone 
modification. Histone modifications include mainly acetylation, phosphorylation, 
and methylation, most of which occur on specific residues in the various core 
histone tail domains (van Holde, 1988; Wolffe, 1998). The consequence of histone 
NH2-terminal tail modification can be 1) that the modifications have an effect on 
the relative charge of the histone tails, producing a mor e open or closed 
chromatin state that determines the accessibillity of transcription factors to the 
core promoter and 2) the combination of different covalent modifications on the 
histone tails - referred to as the "histone code" - likely serves as a target for the 
specific binding of effector proteins to modify the interaction between core 
histones, DNA strands, other type of histones and non-histone proteins (Turner, 
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2000; Jenuwein and Allis, 2001; Strahl and Allis, 2000). In addition, the possible 
interaction between the histone tails and their neighboring nucleosomes is very 
likely to be involved in the formation of higher order chromatin structure (Luger 
et al., 1997). More and more studies confirm the importance of the NH2-terminal 
tails of the core histones where the sites of specific modifications such as 
acetylation and phosphorylation are also the sites of interaction with specific 
proteins such as SIR3 and SIR4, which are involved in silencing of transcription 
(review in Ramakrishnan, 1997; Hecht et al., 1995). Heterochromatin protein 1 
(HPl) was the first protein identified in Drosophila melanogaster as a 
heterochromatin-associated protein (James and Elgin, 1986) and the interaction 
between HPl and pericentric heterochromatin is believed to occur via the 
chroma domain of HPl and the NH2-terminal tail of histone H3 methylated at 
lysine 9 (Lachner et al., 2001; Banister et al., 2001). The fundamental principle 
of histone modification is that many of the important chromatin-associated 
factors can recognize a particular kind of covalent modification on a exact site of 
a specific histone tail. The "histone code" theory extends the rule stating that the 
various combinations of multiple modifications at specific sites provide binding 
signals for those chromatin-associated factors (Strahl and Allis, 2000). 
Histone acetylation is the best characterized modification to date. It is 
capable of causing chromatin structural change by partially disrupting 
oligomerization of nucleosomal arrays (Pollard et al., 1999; Tse et al., 1998). 
Acetylation of histones H3 and H4 in NH2-terminal tails, especially, has been 
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broadly associated with activation of transcription. The visualization of the 
levels of acetylation in different regions of chromatin via utilizing specific 
antibodies recognizing acetylated histone H3 and H4 demostrated that 
pericentromeric heterochromatin was relatively underacetylated compared to 
euchromatin (Jeppesen et al., 1992). A study of the bindings of a transcription 
factor, TFIIIA, to the X. borealis 58 gene proposed that the histone tails have a 
major role in restricting transcription factor access to the nucleosome, and that 
release of the tails by acetylation facilitates transcription factor binding (Rhodes, 
1985; Lee et al., 1993). Also, the acetylation of histone H3 lysine 14 by SAGA, a 
yeast histone acetyltransferase complex, is linked to gene activation in yeast 
(Grant et al., 1997; Wang et al., 1998). More importantly, the acetylation on 
histone H4 lysine 16 by MOF ( for male absent on the first) , the histone 
acetyltransferase component in the MSL (for male specific lethal) complex, is 
correlated with the 2-fold hypertranscription of genes on the male X 
chromosome, that occurs in dosage compensation in Drosophila (Belote and 
Lucchesi, 1980; Hilfker et al. , 1997; Akhtar et al., 2000). 
HPl binds specifically to methylated H3 lysine 9 and it links this 
methylation to the formtion of het erochromatin (Lachner et al. , 2001). Histone 
H3 lysine 9 methylation is accomplished by a partner of HPl in pericentric 
heterochromatin, methyltransferase-Su(var)3-9 (Schotta et al., 2002). Histone 
methylation is consequently frequently connect ed to gene silencing. The differ ent 
amount of methylation on lysine r esidues might differ pericentromeric 
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heterochromatin from epigentically silenced euchomatin (reviewed in Dillon, 
2004). For instance, histone H3 lysine 9 tri-methylation and H3 lysine 27 mono-
methylation were found enriched in pericentromeric heterochromatin; in 
contrast, in inactivated euchromatin, mono- and di-methylated histon H3 lysine 
9 were the major methylated species there (Peters et al., 2003; Rice et al., 2003). 
Just a few years ago, it was observed that although HPl is largely found to 
localize at pericentric heterochromatin, it can also be found at a number of 
euchromatic loci (Greil et al., 2003; Cryderman et al., 2005) . The most recent 
study further showed that HPl is able to modulate the transcription of cell-cycle 
regulators in Drosophila melanogaster; additionally, the chromosomal 
distribution of AuroraB, and the level of phosphrylation of histone H3 serine 10 
were also altered in the absence of HPl (De Lucia et al., 2005). This finding 
raises the uncertainty about methylation's role in chromatin remodeling. 
Phosphorylation of histone H3 at serine 10 has long been correlated with 
activation of transcription in yeast, mammals, and Drosophila (Cheung et al., 
2000; Lo et al., 2000; Nowak and Corces, 2000; Lo et al, 2001; Thomson et al., 
2001; Li et al., 2002; Strelkov and Davie, 2002). Still, it is not clear what 
chromatin-associated proteins bind specifically to this phosphorylated site. Some 
studies suggest that the acetylation of histone H3 at lysine 14 is not only coupled 
to histone H3 serine 10 phosphorylation, but also enhanced by it (Cheung et al., 
2000; Lo et al., 2000). This positively correlated acetylation-phosphorylation 
phenomenon is not universal in all organisms; nevertheless, the histone H3 
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NH2-terminal tails at the Drosophila heat shock genes become 
hyperphosphorylated at serine 10 upon induction of transcription by heat shock, 
and moreover, it is also observed under normal conditions at many other sites in 
polytene chromosomes, including actively transcribing regions (Nowak and 
Corces , 2000). Mitosis-specific phosphorylation of histone H3 also occurs at 
serine 28 and at threonine 11, which have been analyzed to a less extent (Goto, 
et al., 1999; Preuss et al., 2003). The response of cells to mitogenic or stress 
stimuli occurs when activation of the c-fos and c-jun immediate-early (IE) 
response genes concomitant with phosphorylation of histone H3 (Mahadevan et 
al., 1991) is detected. MSK2 and MSKl have finally been proved to be the major 
kinases for histone H3 in response to mitogenic and stress stimuli in fibroblasts 
(Soloaga et al., 2003) . The phosphorylation on other histones have also been 
discovered and the functional role of these histone phosphorylations is possibly 
very complicated. This means that there should be a lot more histone site-
specific kinases waiting to be revealed. 
DOSAGE COMPENSATION IN DROSOPHILA MELANOGASTER 
In nature, the two Drosophila sexes are not created equal; the female has 
two X chromosomes whereas the male only has one. In many species with 
similar sex chromosomes, dosage-compensation mechanisms have evolved to get 
an equal result from an unequal starting point. These systems have different 
ways to equalize for the difference in gene dosage. Female mammalian cells 
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inactivate one of the two X chromosomes by coating the inactive X chromosome 
with a noncoding RNA, Xist (reviewed in Kelly and Kuroda , 1995; Kelly and 
Kuroda, 2000). This Xist RNAs can recruit the mammalian ESC-EZ complex, 
which is the homolog of Drosophila Pc-G proteins, to methylate histone H3 at 
lysine 27 to initiate the X inactivation (reviewed in Cao and Zhang, 2004). In 
Caenorhabditis elegans, the transcription of the two X chromosomes is 
suppressed to half the amount of that of the male X (Myer and Casson, 1986). 
This transcriptional repression is achieved mainly by dumpy (dpy) gene products 
(reviewed in Rattner and Meller, 2004; Oliver and Parisi, 2004). Notably, the 
male X chromosome in Drosophila melanogaster expresses twice as much as a 
single female X (Mukherjee and Beermann, 1965). 
The hyper-transcription of the male X in Drosophila is regulated by the 
dosage compensation complex (DCC). The major protein component is the MSL 
complex, which contains MSL-1, MSL-2, MSL-3, maleless (MLE) and MOF 
(reviewed in Kelly and Kuroda, 1995; Kelly and Kuroda, 2000). In addition, two 
noncoding RNAs, roXl and roX2 (for RNA on the X chromosome), have also been 
identified as members of the DCC (Meller et al., 1997; Amerin and Axel, 1997; 
reviewed in Akhtar, 2003). MSL-1 and MSL-2 proteins compose the core MSL 
particle and recruit other elements to bind. In female flies, MSL-2 is absent, 
therefore, except MOF, other MSL proteins and roX RNAs are expressed in very 
low amounts (Bashaw and Baker, 1995; Kelley et al., 1995). The role of MSL-3 in 
dosage compensation is still unclear. MLE has DNA/RNA helicase activity and is 
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required for spreading of MSL complex on the male X chromosome (Kuroda et 
al., 1991). Since MLE has RNA interacting ability, it is not surprised that it has 
an RNA sensitive association to the X chromosome (Richter, Bone, and Kuroda, 
1996). Among MSL complex subunits, MOF functions as a histone 
acetyltransferase (HAT) that triggers the hyper-acetylation of histone H4 at 
lysine 16 (Bone et al., 1994; Smith et al. , 2000). MOF helps MSL complex 
spreading as well (Gu et al., 2000) and interestingly, it is also an RNA binding 
protein; it is tethered to the X chromosome via RNA (Akhtar, Zink and Becker, 
2000). Though both enzymes are required for MSL complex spreading and 
interact with RNA, MLE affects stability of roX RNAs (Kageyama et al., 2001) 
while MOF/RNA complex is important for correct targeting to the X chromosome 
(Gu et al., 2000). It seems that the roX loci overlap with the "chromatin entry 
sites" (CESs) for DCC (Palmer et al., 1994; Lyman et al., 1997; Gu et al., 2000); 
furthermore, when the one of the roX gene is moved to an autosome, it can 
recruit the MSL complex on the insertion site, where the MSL complex can even 
extensively spread into flanking autosomal DNA (Kelley et al., 1999). A recent 
study showed the result that the MSL complex binding does not have to happen 
with the presence of any of the high-affinity chromatin entry sites (Oh et al., 
2004). MOF and ISWI proteins could work in an opposite manner, in which an 
imbalance between hyperacetylation-caused-open-chromatin structure by MOF 
and chromatin condensation by ISWI may make the X chromosome end up to 
have altered chromatin structure. 
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EMS MUTAGENESIS 
EMS, ethyl methanesulfonate, is a very strong and efficient mutagen 
belonging to the family of DNA alkylating agents that has been shown to 
preferably induce G-C to A-T point mutations in DNA (Kreig, 1963). It modifies 
methyl groups on DNA bases by either adding or deleting one or more methyl 
groups to purines or pyrimidines. That is, if one methyl group is added to the 
active oxygen or nitrogen sites on either cytosine or guanine, the normal three 
hydrogen-bonding pairs will be altered to two, causing a transition mutation. 
One advantage of using it in Drosophila is that it can be readily administered to 
adults by feeding (Lewis and Bacher, 1968). 
EMS preferentially induces random point mutations along the entire 
genome. EMS-induced temperature-sensitive mutations have been estimated to 
be 3 to 4 times higher than that of mitomycin-C and X-rays (Suzuki et al., 1967). 
Mayoh and Suzuki (1973) estimated that cold-sensitive (cs) sex-linked lethals 
make up 1.5%-3.0% of all recessive lethals induced by EMS in contrast to the 11-
12% estimated for heat-sensitives (hs) (Suzuki et al., 1967). In addition to having 
higher frequencies of generating temperature-sensitive mutations, the point 
mutations induced by EMS also provide valuable function/structure relationship 
information. The function/structure relationship analysis is an excellent way to 
discover the sites important for protein-protein interaction, protein-DNA 
interaction, and protein folding. Point mutations in addition can prevent the key 
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structural change caused by sequence deletion, which may mask the distinct 
functions of different domains. 
TEMPERATURE-SENSITIVE MUTATIONS 
Temperature-induced conformational changes in protein structure, which 
may be permanent or reversible and may affect catalytic or assembly and 
structural properties, have been proposed to be the possible mechanism behind 
temperature sensitivity (Bernstein and Fischer, 1968; Cline and Hastings, 1971; 
1972; Garen and Garen, 1963; Jockush, 1966; Bernstein and Fischer, 1968; 
Guthrie et al., 1969). Even though the temperature-sensitive (ts) mutations have 
been utilized extensively to study gene functions , the mechanism behind 
t emperature sensitivity is still the focus of many researchers. One usage of ts 
mutants is to find the temperature-sensitive period(s) (TSPs) of the gene of 
interest. In Schellenbarger and Mohler's paper, 1978, they used strains homo-
and/or hemizygous for a ts mutation of the Notch locus, l(l)Ntsi , to localize TSPs 
both for lethality and for adult ectodermal morphology defects. Temperature 
shift-up (from lower temperature to higher temperature), shift-down (from 
higher t emperature to lower t emperature), and pulse (shift the incubation 
temperature to the higher temperature for a period of time, and then shift it 
back to the lower t emperature) treatments were performed during embryo, 
larval, and pupal stages separat ely. TSP are oper ationally defined: for lethality, 
the earliest shift down for which decreased viability is observed identifies the 
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start of the TSP, while the earliest shift up that permits a significant level of 
survival marks the end of the TSP (Suzuki, 1970). The TSP of a interested 
protein indicates its functional time during development; the protein pool acting 
at the same period is the potential candidate of interacting partners. 
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CHAPTER 2. IDENTIFICATION AND CHARACTERIZATION 
OF NEW JIL-1 POINT MUTATION ALLELES 
Abstract 
A paper to be submitted to Genetics 
Shao-Yi Huang, Jack Girton 
Gene express10n regulation has been related to nuclear architecture 
dynamics for at least a decade now. In particular, the role of histone tail 
modifications m chromatin remodeling has become one of the fundamental 
concepts of the mechanism of nuclear structure reorganization. JIL-1 is a newly 
discovered, gene expression regulation related protein in Drosophila. Previous 
studies show that JIL-1 is a tandem kinase and is able to phosphorylate histone 
H3 serine 10. Some of its functions are also correlated with chromatin structure 
maintenance and dosage compensation. However, all of the studies were carried 
out with P-element insertion/deletion mutants, which might have caused major 
protein structural alteration. In this paper, we performed a genetic screen to 
isolate new JIL-1 point mutation alleles. This mutagenesis screen in particular, 
was designed to induce temperature-sensitive mutants. The complete procedure 
was divided into four stages: 1) heat-sensitive-oriented screen, 2) cold-sensitive-
oriented screen, 3) rescurable-JJL-1-null-allele complementation test, and 4) 
balancer effect test. After screening over 35,000 chromosomes, 11 new JIL-1 
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mutant alleles were recovered and the basic characterization was done for 
further analysis. 
Introduction 
The mechanism of gene express10n regulation has been a critical 
fundamental issue to all the genet ics-related researchers. Since in eukaryotic 
cells, the enormous length of DNA double helix has to be tightly packed with 
histones and other proteins so as to fit in the tiny nucleus, dynamic nuclear 
architecture remodeling has been thought to be important for gene expression 
regulation. Through many extended studies, the dynamic chromosomal structure 
and chromatin remodeling have been shown to play a crucial role in gene 
expression regulation and events in cell cycle (Mcintosh and Koonce, 1989; 
Simpson, 1990; Varga-Weisz and Becker, 1998; Alexiadis et al., 1998; Mizzen et 
al., 1998; Wei et al., 1998; 1999; Wolffe and Hayes, 1999; review in David 
Spector, 2003). The remodeling of chromatin, which includes modifications of 
DNA, histones and chromatin-associated proteins, is thought to be essential for 
the packing-unpacking between the nucleosomes and the DNA helices. The 
modification can be achieved by a group of complexes called chromatin-
remodeling complexes. Some of them are able to bring about modifications like 
acetylation, phosphorylation, methylation, ubiqutination and ADP-ribosylation 
on the N-terminal tails of core histones, some of them can facilitate energy-
driven nucleosome repositioning. The various combination of different histone N-
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terminal tail modifications compose a unique code for each nucleosome, which is 
referred to as the "histone code hypothesis" (Strahl and Allis, 2000), and can be 
read by regulatory machinery to control gene expression during the cell cycle. All 
of these functions are proposed to be able to release the DNA double strands 
from the highly packaged nucleosomes to allow access to regulatory machineries 
(reviewed in Csordas, 1990; Brownell and Allis, 1996; Davie, 1998; Davie, 1998; 
Collins et al., 1999; Wolffe and Hayes, 1999; Kal et al., 2000; Deuring et al., 
2000; review in Genevieve Almouzni et al., 2002). JIL-1, a novel tandem kinase 
identified in our laboratory, is proposed to be involved in chromatin remodeling, 
and thus gene expression regulation pathways (Jin et al., 1999; 2000; Wang et 
al., 2001; Zhang et al., 2003a; 2003b). 
Earlier studies show that JIL-1 can phosphorylate histone H3 serine 10 in 
vitro (Jin et al., 1999). When wild-type third-instar larva polytene chromosomes 
are labeled with JIL-1 antibody, JIL-1 localizes to most of the interband regions, 
which have been proposed to correspond to the sites of actively transcribed genes 
(Zhimulev et al., 1981; Rykowski et al., 1988), throughout all the chromosomes. 
The staining of JIL-1 antibody also showed that the level of JIL-1 protein is 
upregulated about 2-fold on the male X chromosome (Jin et al., 1999). This 2-fold 
JIL-1 protein level increase is linked to dosage compensation phenomenon in 
Drosophila. The genes on the male X chromosome in flies have to express double 
the amount to reach the equal amount as that in the female flies. MSL (male 
specific lethal) complex has been proposed to be the major protein complex 
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regulating dosage compensation pathways. Immunoprecipitation experiments of 
JIL-1 revealed an interaction with the MSL (male specific lethal) complex (Jin et 
al., 2000), which is an important machinery for the two-fold gene expression 
upregulation of genes on the male X chromosome in Drosophila (Hilfiker et al., 
1997; Amrein and Axel, 1997; Meller et al., 1997; Franke and Baker, 1999; 
Lucchesi, 1998). 
By utilizing P-element insertion/excision in Drosophila, three JIL-1 
mutants were generated and the mutant phenotypes had been characterized. 
They are P-element insertion denoted as JIL-1 Ep(3)3657, and two P-element 
excision lines denoted as JIL-1 zz and JIL-1 zso. The reduced viability, 
accompanied with the reduced male to female sex ratio change, was the first 
remarkable phenotype noticed in the mutants. JIL-1 protein level was not 
detectable in JIL-1 zz, only 3% in JIL-1 z60 and 10% in JIL-1 Ep(3)3657 via western 
blot; in addition, the degree of lethality and the level of histone 3 serine 10 
phosphorylation correlated positively to the degree of JIL-1 protein detected in 
each mutant. Furthermore, with the decrease of histone 3 serine 10 
phosphorylation, the severity of chromosome perturbation observed in mutant 
polytene chromosome squash increased. Hence, JIL-1 zz is a JIL-1 null mutant, 
and JIL-1 z60 and JIL-1 Ep(3)3657 are strong and weak JIL-1 hypomorph, 
respectively. The distinct banding pattern on wild-type polytene chromosome 
squash was almost unrecognizable in JIL-1 zz homozygous third-instar la rva . 
The male X chromosome, in particular, showed not only no banding pattern but 
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also shortened-, puffy-looking shape (Wang et al., 2001). The reduced histone 3 
serine 10 phosphorylation level and abnormal chromatin morphology could both 
be rescued by the presence of a JIL-1 transgene (Wang et al., 2001). 
The most recent study has shown that JIL-1 is required throughout all the 
developmental stages in Drosophila, including embryo, larva, pupae to adult, as 
demonstrated by the decreasing surviving number at each developmental stage 
(Zhang et al., 2003). 88% JIL-1 Ep(3)3657 homozygous and 93% JIL-1 z2 I JIL-1 
Ep(3)3657 heterozygous adult male flies moreover displayed unusual extra bristles 
on their abdominal sixth segment (A6), which in wild-type adult male flies has 
no bristles (Zhang et al., 2003). This posterior to anterior, homeotic 
transformation of male adult abdominal segments as well as the genetic 
interaction with trithorax group mutants indicates its involvement in the 
regulation of homeotic genes (Zhang et al., 2003). 
A new JIL-1 P-element excision mutant, h9, has almost one third of the 
JIL-1 second kinase domain, the whole C-terminal domain, two downstream 
genes and part of third downstream gene removed. When JIL-1 h 9 was made 
trans-heterozygous with JIL-1 z2, 13% to 44% of JIL-1 z2 I JIL-1 h9 progeny can 
make it to adulthood. Surprisingly, the JIL-1 z2 I JIL-1 h9 polytene chromosome 
squash morphology was almost identical to that of the JIL-1 z2 homozygous 
(Zhang et al., 2003). This result persuasively separates JIL-l's different 
functions in viability and chromatin structure maintenance. The comparison of 
ovary size of different JIL-1 mutants, mainly JIL-1 Ep(3)3657 homozygous, JIL-1 h9 
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I JIL-1 z2 heterozygous and wild-type, reveals that JIL-1 is even required for 
normal oogenesis (Zhang et al., 2003). 
Thus far, JIL-1 has clearly been shown to affect chromosomal architecture 
and to contribute to gene expression regulation. JIL-1 mutations also modify 
position effect variegation (PEV) (unpublished data) . While JIL-1 influences 
chromatin structure, its function on PEV seems to be expected. However, while 
JIL-1 is an enhancer of PEV (E(var)) when crossed with wm4, a strain known as 
to show PEV on eye pigmentation, it suppresses PEV (Su(var)) in 118E10 
background (unpublished data) suggesting that JIL-1 plays different roles in 
different regulatory pathways. 
All of the above existing data endorse that JIL-1 plays a major role in 
chromosome structure remodeling and gene expression regulation. Nonetheless, 
the information provided by an insertion/deletion mutant and the usage of such 
a mutant is limited. The insertion/deletion mutant has a major protein 
structural alteration and very often raises the concern of losing neighbor genes; 
for instance, one of the JIL-1 P-element deletion mutants, JIL-Jz60 , has lost one 
of its upstream genes. Thus, one way to extend our knowledge about JIL-l's 
effect on gene expression regulation and clarify JIL-1 's role in each of the 
pathway it regulates, would be to induce true point mutations of JIL-1. 
Likewise, a t emperature-sensitive mutant would be extremely useful for 
investigating JIL-l's diver se roles in different developmental stages. Towards to 
this goal, we designed a genetic screen to identify new JIL-1 point mutant alleles 
42 
from EMS mutagenesis and specifically targeted to induce temperature-sensitive 
alleles - heat sensitive as well as cold sensitive ones. 
Through EMS mutagenesis, we have recovered 11 new mutant alleles of 
JIL-1; interestingly, most of the temperature-sensitive alleles are cold sensitive. 
In the future, these mutants will provide us molecular information regarding the 
function-structure relationship of JIL-1, which will help us 1) understand links 
between regions and functions, and 2) identify the most important interacting 
sites. Furthermore, the temperature-sensitive mutations, which are also 
obtained among these EMS-generated mutants, are powerful genetic tools to 
manipulate the target gene's expression at the interested developmental period. 
This can dissect JIL-1 's function in an even greater detail. 
Materials and Methods 
Drosophila stocks: Fly stocks were maintained according to standard 
protocols (Roberts 1998). w 1118 was used as control strain. Balancer chromosomes 
and mutant alleles are described in Lindsley and Zimm (1992). JIL-1z2 and JIL-
1Ep(3)3657 are described in Wang et al. (2001). Females used for mating with EMS 
treated wild-type males and all the stock-making outcrosses are w; TM2 Ubx, e I 
TM6 Tb, Sb, e virgins. The rescuable z2 allele was obtained and expended from 
our own ywfa; JIL-lz2 I TM6 Sb, Tb, e stock, which has been previously tested for 
lethality rescue by the full-length-JJL-1 construct. 
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Crosses: The complementary cross was done by crossing w I Y; *I TM6 
Tb, Sb, e male with w; JIL-Jz2 I TM6 Tb, Sb, e virgin female where * represents 
an EMS-induced point mutation. For the balancer effect test, the cross was done 
by mating w I Y; * I TM6 Tb, Sb, e males with yw; JIL-Jz2 I TM3 Hu, Tb, e 
females. The yw; JIL-Jz2 I TM3 Hu, Tb, e stock was obtained by collecting the yw; 
JIL-Jz2 I TM3 Hu, Tb, e progeny generated from the cross of w I Y; JIL-JEp(3)3657 I 
TM3 Hu, Tb, e males and ywfa; JIL-Jz2 I TM6 Sb, Tb, e females. 
EMS mutagenesis on JIL-1 to induce point mutations 
Every mutagenesis is composed of three core parts: mutagenesis, 
selection, and recovery. The mutagen we have chosen is EMS. EMS, ethyl 
methanesulfonate, is a very strong and efficient mutagen, which has been shown 
to preferably induce G-C to A-T point mutations in DNA (Kreig, 1963). More 
importantly, EMS-induced temperature-sensitive mutations have been 
estimated to be 3 to 4 times higher than that of mitomycin-C and r-rays (Suzuki 
et al., 1967) and the temperature-induced conformational changes, which may be 
permanent or reversible and may affect catalytic or assembly and structural 
properties, has been proposed to the possible mechanism behind the 
temperature sensitivity (Bernstein and Fischer, 1968; Cline and Hastings, 1971; 
1972; Garen and Garen, 1963; Jockush, 1966; Bernstein and Fischer, 1968; 
Guthrie et al., 1969). The selection process, which we refer as the screen here, is 
based on whether the mutated chromosome can complement with the deficiency 
mutant or not; i.e. a complementation test. Recovery is simple - we collect sibling 
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flies from the possible screen showing failure of complementation test, and then 
either repeat the screen or make stocks. 
Standard EMS mutagenesis Screen: Figure 1 shows the schematic 
presentation of EMS mutagenesis procedure for both heat- and cold-sensitive-
oriented screen. 
The EMS mutagenesis started with collecting w111s JIL-1 wild-type males 
and holding them on Kleenex saturated with 1 % sucrose solution for at least 6 
hours. Then these males was fed with 25 mM EMS in 1 % sucrose solution for at 
least 18 hours, no more than 20 hours. After EMS treatment, these EMS-treated 
males were transferred to a new food bottle for feeding, cleaning up the EMS on 
their bodies and to get them ready to mate with w; TM2 Ubx, e I TM6 Sb, Tb, e 
virgin females in bulk; these bottles are referred as EMS-treatment-mating 
bottles. Two days later, flies in the EMS-treatment-mating bottles were again 
transferred to another new bottle to do the "B egg collection" and transferred one 
more time to do the "C egg collection" two more days after. Flies stayed in the C 
bottles for three days and then be removed. 14 days after the first EMS-
treatment mating starts, the Sb male progeny was collected and put separately 
in a single vial for single mating to screen for potential JIL-1 mutations. For 
each Sb male, we put 3 virgin JIL-1 z2 e I TM6 Sb, Tb, e females in each vial. The 
progeny of the first single mating was the object of the first complementation 
screen. JIL-1 z2 is a JIL-1 null allele; since we used the allele having ebony 
marker, it is referred as JIL-1 z2 e here, and we pair it with EMS mutated 
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chromosome to screen for failure of complementation; that is, lethality. 
Therefore, if the point mutation EMS created only fails to complement JIL-1 zz, 
the progeny class of* I JIL-1 zz e should show lethality whereas the other two 
classes of progeny, *I TM6 Sb, Tb, e and JIL-1 zz e /TM6 Sb, Tb, e, should not be 
affected at all. Nonetheless, weak mutants are hard to recognize as the low 
lethality might be taken as a statistical fluctuation and the identification of the 
weak point mutants is limited. Consequently, the criterion we used for the first 
screen is more than 50% lethality of the * I JIL-1 zz e individuals. For those 
selected, possible mutant candidates who passes the first complementation 
screen, we did a second single mating for the second temperature-sensitive 
screen for each candidate strain. Meanwhile, we restricted the criterion of 
lethality furthermore to > 2/3 lethal to select stronger mutants for the second 
screen. This is not the end of the mutant selection yet. The potential mutants 
who passed the second screen went through at least 6 generations of outcrossing 
with TM2 Ubx, e I TM6 Sb, Tb, e flies to make sure that the lethality we saw was 
not the result of mutations located on chromosomes other than the third before 
we identify them as mutants and put into stocks. The lethality of these JIL-1 
potential mutants was tested under two different temperatures, 21°C and 29°C, 
for their temperature sensitivity response. 
a) Heat-sensitive-oriented Screen: The EMS mutagenesis treatment 
procedure was carried out as described above, and the first single mating was 
done under 29 degrees Celsius, this takes about 10 days for flies to eclose, so 
46 
that we can do the complementation screen. The second single mating test is 
basically the same as the first; the only difference is that those potential JIL-1 
mutants were tested under two different temperatures at the same time to 
compare their temperature sensitivity response. 
b) Cold-sensitive-oriented Screen: The EMS mutagenesis treatment 
procedure and the stocks used in the cold-sensitive-oriented screen were exactly 
the same as the ones used in the heat-sensitive-oriented screen. The only 
differences are that the first single mating was carried out under 21 degrees 
Celsius rather than 29 and this takes about three weeks for flies to eclose for the 
consequent complementation screen. The cutoff criteria and stock making steps 
were all the same as the heat-sensitive-oriented screen. In addition, those JIL-1 
potential mutants will also be tested under two different temperatures, 21°C and 
29°C, for their temperature sensitivity response. 
c) Rescurable-JJL-1-null-allele Complementation Test: Figure 2 is 
the schematic presentation of rescurable-JJL-1-null-allele complementation test . 
Potential JIL-1 mutants isolated from both heat- and cold-sensitive-oriented 
screens, which are all done with 6 generations of outcrossing, were put in stock 
balanced with the TM6 Tb, Sb, e balancer chromosome. These were tested again 
for complementation with another JIL-1 z2 allele. The JIL-1 z2 allele used here 
had been tested with full-length-JJL-1 construct which rescues the JIL-1 z2 
homozygous lethality; therefore, this is referred as the JIL-1 z2r allele. ywfa; JIL-
1 z2r I TM6 Tb, Sb, e virgin females were crossed with w I Y; * I TM6 Tb, Sb, e 
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males. Since there is no suitable marker to distinguish between chromosomes 
carrying the JIL-1 z2r or the * alleles, the progeny of this cross can merely 
divided into four categories - ywfa I Y; *I JIL-1 z2r male, ywfa I w; *I JIL-1 z2r 
female, ywfa I Y; JIL-1 z2r or* I TM6 Tb, Sb, e male and ywfa I w; JIL-1 z2r or* I 
TM6 Tb, Sb, e female. 
d) Balancer Effect Test: Figure 3 shows the schematic cross of the 
balancer effect test. Strong JIL-1 mutants identified from the rescueable-JJL-1-
null-allele screen were tested once more for complementation with the same JIL-
1 z2r allele balanced with a different balancer chromosome. This screen was 
carried out by crossing w I Y; *I TM6 Tb, Sb, e males with yw; JIL-1 z2r I TM3 
Hu, Tb, e virgin females and the progeny number was categorized and recorded 
into eight distinct classes - 1) yw I Y; *I JIL-1 z2r, 2) yw I Y; *I TM3 Hu, Tb, e, 3) 
yw I Y; JIL-1 z2r I TM6 Tb, Sb, e, 4) yw I Y; TM6 Tb, Sb, e I TM3 Hu, Tb, e, 5) yw I 
w; *I JIL-1 z2r, 6) yw I w ; *I TM3 Hu, Tb, e, 7) yw I w; JIL-1 z2r I TM6 Tb, Sb, e, 8) 
yw I w; TM6 Tb, Sb, e I TM3 Hu, Tb, e. The yw; JIL-1 z2r I TM3 Hu, Tb, e virgin 
females were the progeny of the cross w I Y; JIL-1 Ep(3)3657 I TM3 Hu, Tb, e males 
X ywf a; JIL-1 z2r I TM6 Tb, Sb, e virgin females. 
Results and Discussion 
The EMS mutagenesis started out with the intention of isolating heat-
sensitive point mutations, i.e. the h eat-sensitive-oriented screen, since Mayoh 
and Suzuki (1973) estimated that cold-sensitive (cs) sex-linked lethals make up 
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1.5%-3.0% of all recessive lethals induced by EMS in contrast to the 11-12% 
estimated for heat-sensitives (hs) (Suzuki et al., 1967). After screening 14,840 
chromosomes, 257 potential mutants had been isolated, i.e. the mutation rate 
induced by EMS is 1. 7% at this stage. Unfortunately, many of the potential 
mutants had been lost due to the "mosaic progeny population phenomenon". This 
means that the phenotype of the progeny generated from one single cross (1 
*/TM6 male x 3 z2e/TM6 females) are not uniform. Some */z2e progeny show no 
noticeable lethality, whereas some of their siblings show profound reduction of 
viability (Table 1). This is the result of a mosaic progeny population. Retesting 
showed that only 7 out of the 257 potential mutants were true-breeding. This 
gives us a much lower 0.05% mutation rate. In order to avoid this mosaic 
progeny problem, I did second single mating to further test and isolate the true 
mutant lines from the male progeny of those potential mutants discovered from 
first single mating. The second single mating screen left us merely 6 identified 
mutants from the heat-sensitive-oriented mutagenesis screen and the mutation 
rate is even lowered to 0.04%. While adding the second single mating screen to 
our EMS mutagenesis routine procedure, I noticed that many of the potentials 
isolated under heat-sensitive-oriented screen when tested under another lower 
temperature, 21°C, show even greater lethality. This caused us to reverse our 
mutagenesis procedure in order to isolate possible cold-sensitive JIL-1 mutants. 
Under the cold-sensitive-oriented screen protocol, we have screened 
27,873 more chromosomes for JIL-1 mutants and found another 149 possible 
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mutant candidates who have passed the first screening; i.e. 0.53% mutation rate. 
31 out of 149 have been further tested as mutants and the mutation rate is 
0.11% at this point. 
Obviously, the heat-sensitive-oriented screen gives us rriuch higher false 
positive rate then cold-sensitive-oriented screen. The reason may be as following: 
1) flies do not mate under non-permissive higher temperature, i.e. 29°C used 
here, as well as they do under permissive temperature, i.e. 21°C used here, so 
there were fewer progeny; 2) the food becomes dried and harder for larvae to 
chew on under 29°C, so many larvae die early; 3) the adult fly number is lower 
at 29°C, so there is greater statistical fluctuation making lethality harder to 
document. Another very important reason is that many of the true mutants 
screened out under heat-sensitive-oriented screen were lost since the mosaic 
progeny masked the true mutant lethal phenotype. 
In summary, 50,909 mutagenized chromosomes have been screened, 
42, 713 were able to be screened for adult lethality by complimentary test (42, 713 
I 50,909 = 84%) and 8, 196 were either not successful mating or having too few 
adult flies to make statistical meaningful judgment (8,196 I 50,909 = 16%), 538 
were screened out as potential mutants (538 I 42, 713 = 1.26%), but only 43 were 
further isolated as new JIL-1 mutants (43 I 42,713 = 0.1%). The complimentary 
test result of those 43 mutants can be seen on Table 2. According to the 
temperature sensitivity tested under both 21°C and 29°C, these mutants can be 
categorized into three classes - Cold sensitive, Heat sensitive, and non-
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temperature sensitive mutants. If the lethality difference under two 
temperatures is within 5%, no matter under which temperature the lethality is 
greater, then the mutant is placed in the non-temperature-sensitive class. If the 
lethality is greater than 6% higher under lower temperature, i.e. 21°C, then the 
mutant is categorized as cold sensitive; likewise, if the lethality is greater than 
6% higher under 29°C, the mutant is defined as heat sensitive. There are 20 
cold-sensitive, 8 heat-sensitive, and 10 non-temperature-sensitive mutants. 
There are also 5 mutants, 41-la, 46-2a, 46-5d, 49-la and 50-9c, showing mutant 
lethal phenotype but inconsistent temperature sensitivity, therefore, are 
classified as "potentials". 
While EMS mutagenesis was in progress, the JIL-1-full-length construct 
was made and put into different z2 null mutant populations to test for its ability 
of rescuing JIL-1 mutant phenotype. Surprisingly, the z2 null mutant population 
that we used for screening new JIL-1 mutant alleles in EMS mutagenesis, 
represented as z2e, were not being able to be rescued by this JIL-1-full-length 
construct. This brought up the concern of a possible second-site lethal mutation 
existing in the z2e stock which was not detected before I started the EMS 
mutagenesis; therefore, half or more of the new JIL-1 mutants screened out from 
the EMS mutagenesis could be the mutants of the unknown second-site lethal 
mutation. With the aim of identifying the true JIL-1 new mutants, I performed 
another complimenta ry t est, u sing another JIL-1-full-length-construct-
r escueable-z2-null allele which was denoted as z2r, to further exam these 43 
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mutants. As the results shown in Table 3, only 11 mutants failed to compliment 
this z2r allele to a significant extent; nonetheless, we were expecting about 20 
mutants turned out to be true JIL-1 mutants. It is notice worthy that 17-6a-2 
shows a very dominant male specific lethality under both temperatures; 40-3b-
10 seems to be female cold-sensitive, though its male shows greater lethality 
under higher temperature; both 29-lb-10 and 51-3e-2 look like hypomorph and 
their males have greater lethality than females under both temperatures. Since 
these four mutants have consistently shown JIL-1-mutant lethality when 
crossed with either z2e or z2r, it will be worthwhile to further exam their mutant 
JIL-1 phenotype. These mutant phenotypes include polytene chromosome 
morphology, adult homeotic transformation, and maternal effect. It will also be 
exciting if the lesion sites in these mutants can be identified and correlated to 
their mutant phenotypes so that the JIL-1 functional important sites can be 
revealed by analyzing these new mutants. 
This rescueable-JIL-1-null-allele cross had one major disadvantage, i.e. I 
was unable to distinguish between * I TM6 Tb, Sb, e class and z2r I TM6 Tb, Sb, 
e class. Hence it is not possible to determine if the progeny number of these two 
classes were roughly equal, i .e. if the balancer used in the cross has the same 
effect on all the progeny. In order to have more accurate estimation of mutant 
lethality and more carefully monitor the statistical fluctuation of each progeny 
class, I redid the complimentary t est using different balancers between z2r and 
mutant strains with four selected interesting mutants, 17-6a-2, 29-lb-10, 40-3b-
52 
10 and 51-3e-2. Bringing different balancers not only can help us distinguish 
different geneotypic progeny classes to test statistical differences, but also can 
examine for balancer effect on all the progeny. The result is shown in Table 4. As 
the percentage column shows, the difference of progeny number of TM6 and TM3 
classes is statistically insignificant. From Table 4 data, we can conclude that the 
numbers between progeny carrying* and z2r allele are roughly equal. Moreover, 
this cross also illustrated that the balancer effect on both * and z2r allele is 
comparable. 
The EMS mutagenesis needs a fastidious planning and precise estimation 
to maintain the enormous workload and the uninterrupted workflow. Other than 
all the steps written on the protocol flow chart (Figure 3), things like worker 
force, food preparation, bottles/vials cleaning and reuse, incubator space and 
working stations are all very important to the success of EMS mutagenesis. 
Therefore, a careful plan and good management are essential to perform large 
scale EMS mutagenesis. 
Conclusion 
In this chapter, I have shown that using EMS mutagenesis protocol plus a 
conscientious plan and fine management, new JIL-1 mutant alleles can be 
induced. The first heat-oriented screen generated 257 potentials, however, the 
false positive rate was rather high. Besides the high false positive rate, the 
mosaic progeny also made the final mutation rate of this screen end low, only 
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0.04%. The cold-oriented screen was carried out with a better-planned scheme; 
i.e., the mosaic progeny problem and other environmental stress had been 
solved. The final mutation rate of cold-oriented screen is 0.11 %, around three 
times higher than the heat-oriented screen. 
Unfortunately, the z2e JIL-1-null allele that I used to screen out new EMS-
induced-JIL-1-mutant alleles has a potential unknown second-site lethal 
mutation. The existence of an unknown second-site lethal mutation on z2e third 
chromosome was confirmed with the JIL-1-full-length construct; in which case 
the JIL-1 lethality of z2e strain could not be rescued by this construct. Because 
my EMS mutagenesis screen was solely based on the lethality of failing to 
compliment z2e allele, those mutants screened out from either heat- or cold-
oriented screen were very likely to be the mixture of JIL-1 mutant and the 
unknown-second-site mutant. After the third complimentary test, where I used 
another JIL-1-full-length-construct-rescuable-null allele (z2r), 11 new JIL-1 
mutants have finally be identified and isolated. Even though many of the 
potential mutants turn out to be non-target mutants, these 11 strains constantly 
show evidence of JIL-1 mutant lethality - 29-lb-10, 51-3e-2, 38-8a-9, 48-13a-1, 
42-6a-8, 43-2a-5, 39-la-7, 42-12a-7, 42-14a-1, 40-3b-10 and 17-6a-2. 29-lb-10, 51-
3e-2, 40-3b-10 and 17-6a-2 are those who show the strongest lethal phenotype 
among the 11 mutants. Further examination will be focused on these four 
mutants to compare their polytene morphology, adult transformation, maternal 
effect and lesion site position. 
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Figure Legends 
Figure 1. Simplified EMS mutagenesis experimental protocol. 
This is a simplified schematic presentation of EMS mutagenesis procedure. In 
this flowchart, + = w1118 JIL-1 wild type, * = EMS induced mutation, TM2 = 
balancer of third chromosome with Ubx, e markers, TM6 = balancer of third 
chromosome with Sb, Tb, e markers. z2e = JIL-1 null allele withe marker. 
Figure 2. Rescuable-JJL-1-null-allele complimentary cross. 
y =yellow marker, w =white marker, fa= facet marker, z2r = rescuable-JJL-1-
null-allele, Y = male sex chromosome. The lethality was determined by compare 
the number of * I z2r with 50% the number of * + z2r I TM6 (which is the 
expected* I z2r number of expected Mendelian class). 
Figure 3. Detailed EMS mutagenesis experimental protocol. 
The number in the ()indicates the number of flies expected in the step and the 
hour indicates the working time needed to complete the step. Fly/virgin 
collection indicates the preceding work required to be done for the following step. 
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Tables and Figures 
Table 1. Test cross for mosaic progeny phenomenon. 
mutant */z2e */TM6 z2e/TM6 
control0 5 16 5 
5 14 19 
3 12 7 
4 11 15 
10-4a (1)0 36 20 15 
10-4a (2) 29 26 20 
10-4a (3) 11 22 19 *+ 
10-4a (4) 0 43 0 
10-4a (5) 8 15 4 * 
23-la (1) 6 23 15 
23-la (2) 14 15 21 
23-la (3) 2 17 13 * 
23-la (4) 2 22 21 * 
23-la (5) 4 11 14 
23-la (6) 1 15 2 * 
23-la (7) 2 3 1 
14-5b (1) 10 32 19 * 
14-5b (2) 3 16 12 * 
14-5b (3) 9 28 16 * 
14-5b (4) 4 19 9 * 
14-5b (5) 9 20 15 
14-5b (6) 8 13 12 
14-5b (7) 13 17 19 
14-5b (8) 1 11 7 * 
14-5b (9) 5 12 17 
14-5b (10) 7 18 7 
o Control shows the progeny number from z2e I TM6 x z2e I TM6 cross 
c Number in the () depicts the number of single mating made from the same 
mutant stock population 
+ *indicates the mating displaying mutant lethal phenotype. 
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Table 2. Complementation test of new JIL-1 mutants. 
mutant 21°C' %' 29°c' %' note1 
25-12a 0/84 0 18170 26 cs1 
38-8a 4/47 9 22/65 34 cs 
14-5b 4/102 4 671167 40 cs 
20-7c 01155 0 38/92 41 cs 
38-24a 9/129 7 23/126 18 cs 
42-6a 1130 3 15/84 18 cs 
42-9a 6190 7 151113 13 cs 
42-14a 7/48 15 28/108 26 cs 
43-lOa 2/138 I 251161 17 cs 
43-14a 4179 5 9/82 11 cs 
44-8b 31112 1 31/218 14 cs 
45-lb 3/138 2 11/114 10 cs 
45-4a 2/ 187 I 32/217 15 cs 
45-4b 20/321 6 101/327 31 cs 
47-8a 21/248 9 59/217 27 cs 
48-4a 22/165 13 451170 27 cs 
48-lla 2/37 5 7/44 16 cs 
48-13a 0132 0 9/47 19 cs 
51-3e 19155 35 75/84 89 cs 
51-!0a 3/27 II 32174 43 cs 
40-3b 14/45 31 16/97 17 HS' 
25-9c 35150 70 10/40 25 HS 
39-5a 10/99 IO 5/125 4 HS 
43-2a 8/50 16 5/57 9 HS 
38-2b 14/102 14 4176 5 HS 
38-5a 171132 13 7/124 6 HS 
49-!0b 25/41 61 8/18 44 HS 
52-6b 15/27 56 16/66 24 HS 
17-6a 26/113 23 18170 26 NTS• 
29-lb 0151 0 0169 0 NTS 
35-7a 3/102 3 5/115 4 NTS 
35-!0b 4/48 8 10/81 12 NTS 
37-23a 3/57 5 3/69 4 NTS 
45-4c 601169 36 45/111 41 NTS 
39-l a 51179 3 9/181 5 NTS 
39-lb 13/ 120 11 22/144 15 NTS 
41-12a 5/48 10 12/88 14 NTS 
47-8b 1/8 13 116 17 NTS 
41-la ? potentiaJl 
46-2a ? ? potential 
46-5d ? potential 
49- la ? ? potential 
50-9c ? ? otential 
v Numbers in both 21 degree and 29 degree Celsius columns are calculated as (observed * I z2e adult flies) I (observed * I 
TM6 Sb, Tb, e adult flies) 
t % column is the % of (observed *I z2e adult fli es) I (observed *I TM6 Sb, Tb, e adult flies) 
§ note column denotes the temperature sensitivity of individual JIL-1 mutant 
t CS = cold-sensitive 
# HS = h eat-sensitive 
• NTS = non-te mper ature -sen sitive 
< potential= unstable temperature se nsitivity, but mutant lethality. 
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Table 3. Complementation test with rescuable-JJL-1-null allele. 
29 "C 21 ·c 
% of */z2r % of */z2r 
strain m f m f mutant?1 
29-lb-10 2.1% 26.2% 14.3% 46.7% y 
25-9c-3 102.2% 62.7% 86.7% 112.4% N 
35-7a-4 169.7% 222.2% 138.1% 138.1% N 
20-7c-2 157.1% 135.6% 215.4% 201.7% N 
51 -3e-2 2.1% 53.2% 10.5% 85.4% y 
14-5b-8 283.3% 259.7% 156.8% 140.5% N 
52-6b-5 152.9% 220.8% 95.2% 109.7% N 
51-IOa-9 92.9% 82.6% 180.0% 111.5% N 
25-12a-3 106.1% 169.0% 96.2% 100.0% N 
45-4b-I 94.7% 173.0% 127.3% 102.1% N 
38-8a-9 19.4% 41.7% 18.2% 15.4% y 
48-13a-1 37.0% 110.0% 47.1% 36.4% y 
47-8a-7 75.6% 96.4% 110.3% 100.0% N 
42-6a-8 218.2% 122.0% 44.4% 112.7% y 
45-4a-7 110.0% 159.3% 102.1% 103.8% N 
48-4a-9 181.3% 143.5% 109.1% 107.7% N 
44-8b-4 258.8% 288.9% 144.4% 168.0% N 
48-1 la-3 116.3% 114.8% 162.5% 73.9% N 
49- lOb-6 85.7% 76.7% 112.8% 61.2% N 
38-2b-10 106.9% 133.3% 105.0% 167.6% N 
43-2a-5 40.0% 128.6% 104.8% 92.3% y 
38-5::-1 77.4% 81.5% 63.2% 54.5% N 
39-la-7 0.0% 60.0% 78.8% 121.7% y 
37-23a-3 147.8% 100.0% 115.2% 65.7% N 
35-lOb-l 132.3% 93.8% 200.0% 156.9% N 
42-12a-7 91.7% 97.0% 92.3% 45.0% y 
48-4a-9 62.7% 83.9% 63.6% 69.0% N 
44-8b-4 165.5% 105.3% 182.6% 175.8% N 
48-1 la-3 133.3% 94.9% 112.0% 103.4% N 
38-24a-1 77.8% 137.5% 68.4% 121.2% N 
42-14a-1 130.2% 117.0% 45.0% 103.2% y 
45-lb-2 208.0% 240.0% 68.1% 68.1% N 
43-!4a-1 148.9% 82.5% 81.1% 113.0% N 
42-9a-10 106.4% 117.6% 109.1% 66.7% N 
40-3b-IO 0.0% 115.4% 3.9% 2 1.5% y 
39-5a-8 155.0% 185.2% 187.1% 97.6% N 
39-1 b-3 69.8% 65.0% 91.4% 130.2% N 
47-8b-1 97.0% 122.7% 88.0% 55.6% N 
17-6a-2 0.0% 4.3% 0.0% 8.5% y 
45-4c-9 2 10.0% 156.4% 157.1% 115.8% N 
1 The strain is categorized as Y (yes) in "mutant?" column when any of the four columns, "21 "C m", "21 "Cf', "29"C m", "29"C f', has a 
percentage less than 50%. 
Table 4. Balancer effect test. 
Cross scheme (yfa)w I w ; z2r I TM3 Hu, Tb, e X yw I Y ; *• I TM6 Sb, Tb, e 
21°C 29°C 
*I z2r * /TM3 z2r I %® *I z2r * /TM3 z2r I % 
TM6 TM6 
* = 29-lb 51 132 109 83% 13 225 285 127% 
* = 40-3b 21 42 37 88% 122 326 287 88% 
* = 51-3e 99 124 118 95% 84 168 148 88% 
* = 17-6a 47 138 138 100% 28 180 156 87% 
• * represents the mutant third chromosome 
® the percentage was calculated as the number of z2r/TM6 class divided by the number of 
*/TM3 class 
m 
m 
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Pre-starving +/+ male 
! 6-24 hours 
EMS treatment 
! 18 hours 
Clean up 
! at least 6 hours 
*/*male x TM2/TM6 female 
! bulk ma ting 
* /TM6 male collection 
! single mating 
*/TM6 male x z2e/TM6 female 
! 29°C for heat-sensitive screen 
! 21°C for cold-sensitive screen 
1st scoring (surviving <= 50%) 
! single mating 
Possible mutants */TM6 male x z2e/TM6 female 
! 29°C or 21°C 
2nd scoring (surviving <= 33%) 
.. ~ 
Potential mutants */TM6 x TM2/TM6 Potential mutants */TM6 x z2e/TM6 
male female male female 
outcross mating test mating 
! 
6 generations of out cross 29°C vs 21°C 
! 
*/TM6 x */TM6 stock 
Figure 1. 
68 
y, w, fa; z2r I TM6 Sb, Tb, e females x w I Y; * I TM6 Sb, Tb, e males 
l 
y, w, fa I Y; [ * I z2r 
* + z2e/TM6 
y, w, fa I w; [ * I z2r 
* + z2e I TM6 
Figure 2. 
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i 10 days (2100, 18 hours) 
(2000, 12 hours) */TM6 male collection 
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. . ~/T~6 male x 2e/TM6 female - single mating (2000, 13.5 hours) 
virgms collect10n i 0 o (6000 30 hours) . 21 days - 21 C, 14 days - 29 C 
' ~ Scormg ----------. 
Potential mutants */TM6 x TM2/TM6 Potential mutants */TM6 x z2e/TM6 
male female ....._ ma~ female 
stock mating ""- virgins collection-----test mating 
i 18 - 21 days (2000, 40 hours) h4 days - 29°C 
*/TM6 x z2e/TM6 test mating i21 days - 21°C t 29°C vs 21°C 
virgins collection 21 days - 21°C, 14 days - 29°C (scoring, 5 hours) 
(300, 2.5 hours) (300 2.5 hours) 
Figure 3. 
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CHAPTER 3. CHARACTERIZATION AND MOLECULAR 
ANALYSIS OF FOUR NEW JIL-1 ALLELES 
A paper to be submitted to Genetics 
Shao-Yi Huang, Jack Girton 
Abstract 
Many different combinations of histone tail modification have been linked 
to one of the mechanisms of gene expression regulation, i.e., chromatin 
remodeling. JIL-1 , a tandem kinase that can phosphorylate histone H3 serine 
10, was identified and its function was correlated to chromatin structure 
maintenance. Previously we induced different point mutations of JIL-1 via EMS 
mutagenesis; here we have further characterized the mutant phenotypes of four 
selected mutants which show significant lethality when paired with the JIL-Jz2 
null allele. Three of the mutants gave a loss-of-function JIL-1 null-like and one 
of them showed a loss-of-function JIL-1 hypomorph-like polytene chromosome 
structure phenotype. In adult male mutant flies all give high frequencies of the 
JIL-1 loss-of-function A6 to A5 homeotic transformation phenotype. Western blot 
analysis using either anti-NH2-terminal or COOR-terminal domain antibodies 
did not detect the existence of JIL-1 protein in all mutants. A JIL-1-full-length 
construct was able to rescue the lethality of all the mutants. Finally, one of the 
mutants, 29-lb, was sequenced in order to find the molecular structural 
change(s) which leads to all the abnormal mutant phenotypes. 
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Introduction 
In eukaryotic cells, the DNA double helix has to be tightly packed with 
histones and other proteins in order to fit in the tiny nucleus. How regulatory 
machinery gets access to DNA in the highly packed nucleosome structure to read 
the information on the DNA strand has been a major research question in many 
genetics-related studies. Chromosomal architecture and chromatin remodeling 
have been shown to play an essential role in gene expression regulation and 
events in the cell cycle (Mcintosh and Koonce, 1989; Simpson, 1990; Varga-
Weisz and Becker, 1998; Alexiadis et al., 1998; Mizzen et al., 1998; Wei et al., 
1998; 1999; Wolffe and Hayes, 1999; review in David Spector, 2003). The 
remodeling of chromatin, which includes modifications of DNA, histones and 
chromatin-associated proteins, is thought to be essential for the packing-
unpacking between the nucleosomes and the DNA helices . This modification can 
be achieved by a group of complexes called chromatin remodeling complexes. 
Some of them are able to bring about the modification by acetylation, 
phosphorylation, methylation, ubiqutination or ADP-ribosylation of the N-
terminal tails of core histones, some of them can facilitate energy to drive 
nucleosome repositioning. All of these functions are proposed to be able to 
release the DNA double strands from the highly packaged nucleosomes to allow 
access to regulatory machineries (reviewed in Csordas, 1990; Brownell and Allis, 
1996; Davie, 1998; Davie, 1998; Collins et al., 1999; Wolffe and Hayes, 1999; Kal 
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et al., 2000; Deuring et al., 2000; review in Genevieve Almouzni et al., 2002). The 
various combination of different histone N-terminal tail modifications compose a 
unique code for each nucleosome, which is referred to as the "histone code 
hypothesis"(Strahl and Allis, 2000), which can be read by regulatory machinery 
to control gene expression during the cell cycle. 
A novel tandem kinase, JIL-1, is proposed to be involved in one of the gene 
expression regulation I chromatin structure remodeling pathways (Jin et al., 
1999; 2000; Wang et al., 2001; Zhang et al., 2003a; 2003b). Earlier studies show 
that JIL-1 can phosphorylate histone H3 serine 10 in vitro (Jin et al., 1999). 
Phosphorylation on histone H3 serine 10 of the N-terminal tail was first 
discovered to be crucial for chromosome condensation and segregation during 
mitosis and meiosis (Gurley et al. , 1978; Wei et al., 1998). However, while 
phosphorylation is necessary for initiation of chromosome condensation in 
mammalian and T. thermophila cells, it is not required for cell-cycle progression 
in yeast; furthermore, the function of this phosphorylation is associated with 
chromosome cohesion rather than condensation in maize (Wei et al., 1998; Van 
Hooser et al., 1998; Hsu et al., 2000; Kaszas and Cande, 2000). Even though the 
pattern of histone H3 phosporylation requirement is dissimilar in different 
organisms, the link between this modification and transcriptional activation has 
been firmly established. (Gurley et al., 1978; Wei et al., 1998; 1999; Hans and 
Dimitrov, 2001; Strelkov and Davie, 2002). Moreover , JIL-1 localized to most of 
the interband regions throughout the chromosomes when wild t ype salivary 
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gland polytene chromosomes are labeled with JIL-1 antibodies. The interband 
regions on chromosomes have been proposed to correspond to the sites of actively 
transcribed genes (Zhimulev et al., 1981; Rykowski et al., 1988). The JIL-1 
antibody studies also showed that the level of JIL-1 protein is upregulated about 
2-fold on the male X chromosome (Jin et al., 1999). In flies, the male X 
chromosome has to be upregulated about two fold to generate the same level of 
gene expression - as the two female X chromosomes. This male-X upregulation is 
accomplished by a group of special proteins termed MSL (male specific lethal) 
complex (Palmer et al. , 1993; review in Baker et al., 1994; Bashaw and Baker, 
1995; Kelley et al., 1995; Zhou et al., 1995; Gorman et al., 11995; Kuroda et al., 
1991; Hilfiker et al., 1997; Amrein and Axel, 1997; Meller et al., 1997; Franke 
and Baker, 1999; Lucchesi, 1998). Therefore, this 2-fold JIL-1 protein level 
increase is linked to dosage compensation as the immunoprecipitation 
experiments of JIL-1 indeed revealed an interaction with the MSL complex (Jin 
et al., 2000). 
The most remarkable evidence, which shows that JIL-1 is essential for 
chromatin structure remodeling, was displayed by JIL-1 loss-of-function 
mutants. In JIL-J z2 , a null mutant, and in many JIL-1 hypomorph mutants, the 
normal polytene chromosome morphology was severely perturbed. All the well-
characterized, distinct banding patterns on both autosomes and sex 
chr omosomes have diminished. All the chromosomes arms have shortened and 
coiled up. The male X chromosome was affected nearly twice as much as the 
74 
female X chromosome; hence, in the JIL-1 mutant animals, the male X 
chromosome has completely lost not only its banding pattern like the other 
chromosomes have, but also its rod-like shape and become puffy, with a round 
ball-like shape. 
JIL-1 may be involved in the regulation of homeotic genes as well. JIL-1 
hypomorphs have an A6 to A5, posterior to anterior, homeotic transformation of 
adult abdominal segments and JIL-1 interacts with two of the known trithorax 
group genes, brahma and trithorax (Zhang et al., 2003b). Its interaction with 
one of the novel splice isoforms from the Zola locus, whose various isoforms have 
been shown to have different regulatory functions (Cavarec et al., 1997), 
implicates JIL-1 in other regulatory pathways (Zhang et al., 2003a). 
All of the above existing data suggest that JIL-1 plays a major role in 
chromosome structure remodeling and gene expression regulation; thus, in order 
to extend our knowledge about JIL-l's effect on gene expression regulation, it is 
essential to clarify JIL-l's role in each of the pathway it regulates. However, 
those previous studies were all done by utilizing either P-element deletion or 
insertion mutants. Deletion/insertion mutants very often cause key structural 
protein changes, which makes it difficult to separate the real function of 
different functional domains. To avoid this problem and generate more powerful 
genetic tools to investigate JIL-l's role in each developmental stage, we carried 
out EMS mutagenesis to induce point mutations on JIL-1 and the screen 
procedure was designed to isolate temperature-sensitive alleles. These point 
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mutants will provide us molecular information regarding the function-structure 
relationship of JIL-1, which will help us 1) understand links between regions 
and functions, and 2) identify the most important interacting sites. Furthermore, 
by simply shifting the temperature of the outside environment, the temperature-
sensitive mutants can be either mutant or wild type at any interested 
developmental period. This can dissect JIL-l's function in an even greater detail. 
Among 11 point-mutation mutants generated through EMS mutagenesis, 
we have chosen four, 29-lb, 40-3b, 51-3e and 17-6a, to extend our JIL-1 
functional study. Salivary gland polytene chromosome squash preparation 
showed that mutant 51-3e has JIL-JEp(3)3657 homozygous-like, less severe 
perturbed polytene chromosome morphology, and 29-lb, 40-3b, and 17-6a all 
have JIL-Jz2 homozygous-like, severely disturbed polytene chromosome 
structure. In all the cases, the morphology of the male X chromosomes are 
affected more than that of the female X chromosomes. The fluorescent-
conjugated JIL-1 antibody staining on the polytene chromosomes showed that 
the JIL-1 protein in all four mutants could target on the chromosomes just fine. 
However, even the JIL-1 protein could be seen on the chromosomes, the 
localization of the JIL-1 protein is not the same as in a wild type. Interestingly, 
the western blot analysis using both anti-JIL-1-NHz- and anti-JIL-1-COOH-
terminal domains was not able to detect a significant band at the JIL-1 position 
for all four mutants. Even though the penetrance varies, all the mutants 
examined showed A6 to A5 adult male homeotic transformation. The sequencing 
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result reveals that 29-lb does not have point mutations in the JIL-1 open 
reading frame; it is possible that the alteration site which causes the mutant 
phenotypes of 29-lb is located in the JIL-1 regulatory regions. 
Materials and Methods 
Drosophila stocks: Fly stocks were maintained according to standard 
protocols (Roberts 1998). As a control strain, a strain wild type for JIL-1 but 
homozygous for w 111B was used. Balancer chromosomes and mutant alleles are 
described in Lindsley and Zimm (1992) . JIL-122 and JIL-JEP(3)3657 are described 
in Wang et al. (2001). 29-lb, 40-3b, 51-3e, and 17-6a are newly induced JIL-1 
point mutation alleles; all of the mutant stocks carry TM6 Tb, Sb, e balancer. 
JIL-1 -full-length construct inserted on the second chromosome (denoted as 
GF29.1) was maintained as GF29.l I GF29.l; z2r I TM6 Tb, Sb, e stock. z2r I*(*= 
29-lb, 40-3b, 51-3e, or 17-6a) was generated by crossing ywfa; z2r I TM6 Tb, Sb, e 
females with * I TM6 Tb, Sb, e males. 
Polytene chromosome squash preparation and staining of 
polytene chromosomes: Polytene chromosome squash preparation and 
staining was described previously in Wang et al. (2001). Late third instar larvae 
of mutant animals were first sexed and their salivary glands were dissected out 
in lx PBS. The salivary glands then were fixed in 3. 7% paraformaldehyde for 50 
seconds and then refixed in a solution of 50% glacial acetic acid and 3. 7% 
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paraformaldehyde for 2 minutes, then finally squashed. Slides with good 
polytene chromosome spreads were frozen with liquid nitrogen and dehydrated 
in 70% ethanol for at least 1 hour and then rehydrated twice in PBT (PBS with 
0.4% Triton X-100) for 30 minutes each. The squashed polytene chromosomes 
were subsequently blocked with 1 % NDS in PBT for 30-120 minutes at room 
temperature. The primary antibodies used in staining included: chicken anti-
JIL-1 purified IgY (Jin et al., 2000) (1:100 in PBT) and mouse anti-chromator 
supernatant (1:100 in PBT) and the polytene chromosomes were stained 
overnight at 4°C. Afterwards, the slides were double immunostained using 
FITC- and TRITC-conjugated species-specific secondary antibodies as previously 
described by Jin et al. (1999). Finally, the squashed polytene chromosomes were 
stained with 0.2 µg/ml Hoechst 33258 (Molecular Probes, Eugene, OR) for 10 
minutes and mounted as previously described in Zhang et al., 2003. Signal 
detection was performed as described in Jin et al., 2000. 
Adult cuticle preparation: Adult cuticle preparation was performed as 
previously described (Girton and Jeon 1994). In short, adult males preserved in 
70% ethanol were moved to IN KOH and heated at 92°C for 5-10 minutes to 
remove internal tissues and then dehydrated in ethanol. The abdomen cuticles 
were then cut along the dorsal midline with a razor blade and mounted in a drop 
of euparol. The mounted specimen was then dried and flattened on a slide-
warming tray under weights for 24 hours. Brightfield images of the preparations 
were obtained using a Zeiss Aixoskop and a digital Spot camera. 
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Western blot analysis: western blot analysis was performed essentially 
as described in Zhang et al. (2003). Briefly, * I z2r third-instar, non-tabby larva 
were homogenized in immunoprecipitation buffer with three kinds of protease 
inhibitors. The samples then were boiled in SDS-PAGE buffer and separated on 
7.5% SDS-PAGE gels, followed by transferring to nitrocellulose membrane, 
blocking in 5% Blotto and incubating with anti-JIL-1 or anti-a-tubulin antibody 
overnight. After washing three times for 10 minutes with TBST, the membrane 
was incubated with horseradish peroxidase-conjugated goat anti-rabbit or anti-
chicken or anti-mouse secondary antibody for 1 hour at room temperature, 
washed in TBST, and the signal was detected with the enhanced 
chemiluminescence kit according to the manufacturer's instructions (Pierce). 
JIL-1 full length construct rescue cross: female GF29.l I GF29.l; z2r I 
TM6 Tb, Sb, e flies were crossed with male* I TM6 Tb, Sb, e flies(*= 29-lb, 40-
3b, 51-3e, 17-6a). Adult* I z2r progeny were scored for rescue of lethality; *I z2r 
was identified by the lack of the Sb markers. 
Results and Discussion 
New alleles display JIL-1 loss-of-function polytene chromosome 
squash phenotype: Previous JIL-1 deletion/insertion mutant studies showed 
that JIL-1 is required for normal chromosome structure maintenance (Jin et al., 
2000); loss of JIL-1 causes the disappearance of the distinct, well-characterized 
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banding pattern of Drosophila third-instar larval salivary polytene chromosomes 
(Fig B). Furthermore, the male X chromosome morphology is disturbed even 
more seriously than the fem ale X chromosome (Fig B, Z2M, X). Since the four 
newly generated point mutants could not completely compliment JIL-Jz2 
lethality during genetic interaction experiments, it is interesting to see whether 
the polytene chromosome morphology is affected in mutant animals when paired 
with JIL-Jz2 null allele. 
As shown in Figure C, panel 3, 4, 5, 6, 7 and 8, the polytene chromosomes 
of three of the four mutants, 17-6a, 29-lb, 40-3b, show a JIL-Jz2 I JIL-Jz2 -like 
phenotype when paired with JIL-Jz2 null allele. The banding pattern of the 
polytene chromosomes in these animals is apparently gone in both males and 
females. The chromatin seems to be a lot shorter and all coil up together. The 
chromosomes of these mutant animals are very fragile. It is very easy to break 
the chromosomes when preparing the squash compared to that of the wild type. 
51-3e, however, shows a less severe perturbed polytene chromosome phenotype 
compared with the other three mutants (Figure C, panel 9 and 10). It has JIL-
JEp(3)3657 homozygous-like polytene chromosome morphology in females. 
However, in 51-3e male, the polytene chromosome morphology is disturbed more 
severe than the chromosome morphology of the female. That is, for the polytene 
chromosome morphology, 51-3e has a hypomorphic phenotype and 29-lb, 40-3b, 
and 17-6a have a null phenotype. The severity of null-like polythene 
chromosome phenotypes of 29-1 b, 40-3b, and 1 7-6a is very similar, so it is not 
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possible to tell which mutant has a stronger effect on polytene chromosome 
structure. 
In JIL-Jz2 animals, the male X chromosome morphology is affected more 
seriously than the female X chromosome; the male X chromosome not only loses 
its banding pattern, but also loses its long, linear-like chromosome shape. The 
male X chromosome in such an animal becomes a puffy, almost ball-like 
structure while the female X chromosome, though the banding pattern is gone, 
maintains its basic linear-like chromosome shape. The male X chromosome in 
mutants 17-6a shows again, a null-like phenotype when paired with the JIL-Jz2 
null allele (Figure C, panel 3, yellow arrowhead). Notably, the male X 
chromosomes in 29-lb and 40-3e mutants are not affected as severe as that of 
17-6a. The male X chromosomes in these two mutants have a similar mutant 
phenotype as the female X chromosome but a lot shorter. Nonetheless, the male 
X chromosomes in mutants 17-6a, 29-lb, and 40-3e, all lose most of the banding 
patterns and the chromosome arm has shortened (Figure C, panel 3, 5 and 7). 
Interestingly, even the polytene chromosome morphology in 51-3e males has a 
null-like phenotype and the male X chromosome is affected as severe as that of 
the z2 null, there are still many vague banding patterns can be observed on the 
autosome arms (Figure C, panel 10). 
JIL-1 antibody staining shows JIL-1 's different localization 
patterns on mutant chromosomes: It is evident that all the new mutants 
examined have lost their normal chromosome structure; however, the presence 
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and location of JIL-1 in these mutant animals is yet known. Therefore, in 
addition to the hoechst staining for observing the chromosome morphology, 
polytene chromosome squash preparation of all the mutant animals were also 
stained with fluorescence-conjugated JIL-1 antibody to see JIL-1 localization on 
the mutant chromosomes (Figure C, panel 3, 4, 5, 6, 7, 8, 9 and 10; -2 column). 
In wild type polytene chromosomes, JIL-1 is double labeled with 
chromator antibodies, JIL-1 antibodies stain interband regions and largely 
colocalize with chromator antibody staining (Figure C, panel 1 and 2; -1 column). 
In JIL-1 22 homozygous polytene chromosome antibody staining, JIL-1 signal is 
not stronger than background, but chromator's localization on the chromosome is 
not affected. Interestingly, the JIL-1 protein signal on all the polytene 
chromosomes in all four mutants was seen clearly. However, the two-fold 
upregulation of JIL-1 protein level on the male X chromosomes is gone for all 
four mutants (Figure C, 3-2, 4-2, 5-2, 6-2, 7-2, 8-2, 9-2, and 10-2). In the l 7-
6a/JIL-122 mutant individuals, which show the most sever disrupted polytene 
chromosome structure, even though JIL-1 can be detected on the chromosomes, 
the amount of the protein seems to dramatically reduced. Furthermore, the 
locations of JIL-1 protein may not be the same as those of the wild type because 
only 50% of the JIL-1 staining on the chromosomes colocalizes with chromator 
staining (Figure C, 3-1 and 4-1). Similar observations can be made on 29-lb and 
40-3e (Figure C, 5-1, 6-1, 7-1 and 8-1). JIL-1 protein level seems to be restored to 
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a significant extend in 51-3e. Not only has the protein level increased, but also 
the locations are correct (Figure C, 9-1and10-1). 
Surviving male adults show A6 to A5 homeotic transformation: In 
the previous study (Zhang et al., 2003), JIL-Jz2 I JIL-JEp(3)3657 and JIL-JEp(3)3657 
homozygous adults had a remarkable A6 to A5 homeotic transformation 
phenotype (Figure A, l, 2 and 3). That is, normally, on the male A6 abdominal 
segment, there are no bristles; however, in JIL-Jz2 I JIL-JEp(3)3657 and JIL-
JEP(3J3657 homozygous males, a few ectopic bristles can be observed on the A6 
abdominal segment which means that it is partially transformed into an A5-like 
segment. This homeotic transformation phenotype is likely to be initiated by 
JIL-1 either directly or indirectly interacting with trithorax group (trxG) and 
polycomb group (PcG) proteins. These two group proteins have been shown to be 
involved in maintaining transcriptionally active and inactive chromatin 
structure, respectively (reviewed in Orlando and Paro 1995; Simon, 1995). 
The same A6 to A5 homeotic transformation phenotype can be observed on 
the males of JIL-Jz2 I 29-lb, JIL-Jz2 I 51-3e, JIL-Jz2 I 40-3b and JIL-Jz2 I l 7-6a 
(Example as Figure A, 4). As shown in Table l, the frequencies of the 
transformation of l 7-6a, 29-lb, 51-3e and 40-3b is 100%, 12.8%, 44.4% and 
100%, respectively. Most of the mutant adult male individuals had 1 to 4 ectopic 
bristles on A6. 40-3b seems to have the strongest homeotic transformation 
phenotype. Half of the mutant adult male individuals had more than 4 ectopic 
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bristles and few adults even had more than 7 bristles. An example of 8 ectopic 
bristles on A6 of a JIL-Jz2 I 40-3b adult male is presented in Figure A, 4. These 
data indicates that the disturbed functional domains of these new mutants are 
involved either directly or indirectly in the segment identification pathway 
Western blot analysis shows no detectable JIL-1 protein in mutant 
animals: The JIL-1 antibody staining on polytene chromosomes indicate that 
JIL-1 protein was present on all chromosomes of the new mutants. However, 
this does not mean that the JIL-1 protein level is normal in these animals. To 
further check how much JIL-1 protein is produced by each of the mutated genes, 
western blot analysis using both anti-JIL-1-N- and anti-JIL-1-C-terminal-
domain antibodies was performed (figure D). Except for maternal products, there 
is no JIL-1 protein identified by either anti-N or anti-C JIL-1 antibodies in 
proteins from any of the third-instar larva of the four mutants. Since JIL-1 
protein in all four mutants could locate itself to the chromosome, but could not 
be extracted from a third-instar larva, this indicates that the soluble form of JIL-
1 protein might degrade at a fairly quick rate. Another possibility is that the 
anchored JIL-1 on the chromosomes may have difficulty dissociating from the 
chromosomes, so that the level of the soluble JIL-1 protein is too low to be 
detected by JIL-1 antibodies. 
JIL-1 full length construct can rescue and lethality of all alleles: 
All of the mutant alleles, 29-lb, 51-3e, 40-3b, and 17-6a, can only weakly 
compliment the z2 null allele lethality; so, if the lethality is caused by a lack of 
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functional JIL-1 protein, a JIL-1 full length construct should be able to rescue 
the lethality of all alleles. Just like expected, when a JIL-1 full length construct 
inserted on the second chromosome was brought in the mutant animals, the 
lethality of JIL-Jz2 over all the mutant alleles was largely rescued (Table 2). In 
preliminary experiments, the survival rate of the rescued class was greater than 
100, or sometimes 200 percent. This high rate might actually result from over-
crowding in the experimental culture bottles. According to our unpublished 
observation, if the progeny number is over the limit of the raising environment 
and all the living larvae have to fight for the food, the progeny class carrying a 
TM6 Tb balancer will have a survival disadvantage. In our experimental crosses, 
the testing class, *I JIL-Jz2, whose lethality is rescued by the presence of a JIL-
1-full-length construct is Tb+ while the two other sibling progeny classes both 
carry TM6 Tb balancer. If* I JIL-Jz2 with a JIL-1-full-length construct has wild 
type viability, the tubby larvae of the balancer classes will more often die due to 
the environmenta l stress. As we calculate the r escue rate by dividing the 
number of* I JIL-Jz2 class with half of the number of the two TM6 Tb balancer 
classes combined, this will affect our survival percentage calculations. When the 
number of TM6 Tb balancer classes goes down and that of * I JIL-Jz2 class goes 
up, the percentage of the calculated fraction may be over 100%. 
Molecular structure of 29-lb: Since the western blot experiment did 
not det ect the presence of JIL-1 protein in all the mutant animals, it is highly 
interested to find out where and what kind of single molecular change cause the 
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abolition of the whole functional JIL-1. The mutated site on JIL-1of29-lb allele 
was identified via direct sequencing. JIL-1 is a large protein and the gene 
sequence is long. Any polymorphisms found in introns are not considered 
important to this study as they will not be the major reason causing the mutant 
phenotypes for the mutants. Therefore, the sequencing of only the open reading 
frame of the JIL-1 gene was done for 29-lb. Except three point mutations that 
cause no protein codon change, the sequencing result showed no meaningful site 
changes in all the exons sequenced. As a result, the sequencing of the regulatory 
region of 29-lb is needed to be done. 
Conclusion 
In this chapter, I have biochemically and molecularly characterized the 
distinct mutant phenotypes for four newly induced, JIL-1 point mutants. Like 
previously studied JIL-1 P-element deletion/insertion mutants, all four chosen 
mutants have abnormal, perturbed polytene chromosome morphology. Despite 
the phenotype similarity, these four mutants have a range of different degree of 
severity in each mutant phenotype analyzed. 17-6a has the most disturbed, JIL-
J z2 homozygous-like polythene chromosome structure with the male X 
chromosome completely losing its basic shape. The chromosomes in 29-lb and 
40-3e have lost their banding pattern and are all shortened and coiled up as 
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well, but the male X chromosome is only affected to the same degree as the 
female X chromosome. 51-3e's polytene chromosome morphology is comparable 
to that of the chromosomes from JIL- JEP(3)3657 homozygous larvae. The 
chromosome arms are slightly shortened and coiled while most of the banding 
pattern is still distinguishable. 
The JIL-1 protein antibody staining pattern on polytene chromosomes 
reveals more interesting information. All the mutants having null-like polytene 
chromosomes have decreased JIL-1 protein levels on chromosomes compared to 
that of the wild type. In addition, their JIL-1 protein locations on polytene 
chromosomes are misplaced too. However, in 51-3e, either the JIL-1 protein level 
or the protein locations on chromosomes seem to be as good as that in a wild 
type. 
All of the four mutants analyzed provide evidence that JIL-1 genetically 
interacts with homeotic genes as indicated by the A6 to A5 phenotype. 
The JIL-1 full-length construct rescues the lethality of all four mutants. 
Even though the percentage of rescue rate cannot be determined by the cross 
performed in this chapter, the rescue of the JIL-1 lethality is certain. 
The molecular structure of one of the mutants, 29-lb, is presented in this 
chapter as well. No critical single site changes have been found within the 
protein-coding regions. It is possible that the point mutation site, which is 
important for some of the JIL-1 functions, is located in the regulatory region of 
JIL-1 in 29-lb. 
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Figure Legends 
Figure A. Adult male A6 to A5 homeotic transformation phenotype. 
The dorsal abdominal part of the last segment (A6) of an adult male fly normally 
has no bristle in wild type. However, the A5 segment does, so if the A6 
undergoes a segment identity homeotic transformation into A5, extra bristles 
will be present. In 1, 2 and 3 control pictures, that are extracted from Zhang et 
al., 2003 Genetics paper, show the JIL-1 transformation phenotype. In 4, a 
transformation in a z2/40-3b is shown. 
Figure B. Hoechst staining of polytene chromosome squash. 
WTM - wild type male; WTF - wild type female; Z2M - JIL-Jz2 homozygous male; 
Z2F - JIL-Jz2 homozygous female; X (yellow color) in Z2M - the male X 
chromosome. 
The wild type polytene chromosomes have distinct, well-characterized banding 
pattern, and the chromosome arms have rod-like, elongated linear shape. In JIL-
Jz2 homozygous, the unambiguous banding pattern is gone in both sexes; even 
though the female chromosomes still have some recognizable bands/interbands. 
The male X chromosome in particular, have not only lost the banding pattern, 
but also lost its linear shape and become puffy, like a ball. 
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Figure C. JIL-1 protein localization on polytene chromosomes. 
For each set of experimental species, JIL-1 and chromator antibodies and DNA 
staining are detected and these three images were combined to compare their 
localizations, as in the -1 column. The green signal is JIL-1 in -2 column; the red 
belongs to chromator in -3 column; the blue stain represent where the DNA is as 
in -4 column. If chroma tor colocalizes with JIL-1 and has same level of protein, it 
shows yellow; if chromator is more than JIL-1 , it has orange color. 
1-1 and 2-1 show that wild type JIL-1 primarily localizes at interband regions 
and largely colocalizes with chromator. 3-1 and 4-1 show that in 17-6a mutant, 
about the level of JIL-1 locating on the chromosomes and colocalizing with 
chromator staining is less. 5-1 and 6-1 of 29-lb show no JIL-1 banding patterns 
on DNA. 40-3e is presented in 7-1 and 8-1 that show JIL-1 protein may go on 
many hoechst-stained regions but the resolution is not high enough to tell them 
apart. 9-1 is 51-3e female; this mutant has almost-normal polytene chromosome 
structure and the st a ining indicates that the protein level and the protein 
locations on chromosomes are close-to-normal as well. 10-1, 51-3e male on the 
other ha nd, shows abnormal polytene chromosome morphology; interestingly, 
the banding pattern, even vagu e, but can be seen on the male polyt ene 
chromosme. 11-1 and 12-1 are JIL-Jz2 homozygous; JIL-1 staining is either 
outside the chromosome or ver y weak while chromator is still on the 
chromosomes and seems normal. 
98 
Figure D. Western analysis of JIL-1. 
1-1 is the western blot of chicken anti-JIL-1-N of z2/29-lb and z2/51-3e. Lane 1 is 
the marker, followed by lane 2 = w1118, 3 = z2, 4 = 5 = z2/29-lb, 6 = 7 = z2/51-3e, 
8 = z2, and lane 9 = wl 118. The bands on lane 2 and 9 are JIL-1. Despite lane 4 
has a faint band, 5 does not; so the band on land 4 could be some non-specific 
signal. All the mutant lanes, except the fourth one, show no JIL-1 band; 
suggesting JIL-1 protein level is not detectable in 29-lb and 51-3e. Similar 
results also have been found with z2/40-3b and z2/17-6a on 2-1 as Lane 1 is the 
marker, followed by lane 2 = w1118, 3 = z2, 4 = 5 = z2/40-3b, 6 = 7 = z2/17-6a, 8 = 
z2, and lane 9 = wl 118. No detectable JIL-1 protein is present in all four 
mutants examined. 1-2, and 2-2 are the western blot results of JIL-1 protein 
level of the same gels as 1-1and2-1, respectively, that are re-probed with rabbit 
anti-JIL-1-C. The lane arrangements are the same as that of 1-1 and 2-1, 
respectively. There are faint bands in every lane at JIL-1 protein position. 
However, the level of the JIL-1 detected was the same in all mutants as in z2. 
Even the maternal product in z2 can be detected with longer exposure, therefore, 
those bands in all mutants are very likely to be the maternal product. 
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Tables and Figures 
Table 1. Adult male A6 to A5 homeotic transformation frequency. 
bristle no.fr 0 1 2 3 4 5 6 7 8 9 
z2/17-6a 0% 0% 25% 50% 25% 0% 0% 0% 0% 0% 
z2/29-lb 87.2% 12.8% 0% 0% 0% 0% 0% 0% 0% 0% 
z2/40-3b 0% 13.6% 22.7% 18.2% 18.2% 18.2% 0% 0% 4.5% 4.5% 
z2/51-3e 55.6% 44.4% 0% 0% 0% 0% 0% 0% 0% 0% 
fr ectopic bristle number observed on A6 
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Table 2. JIL-1 full length construct rescue. 
GF29.l':'/+4 ; **!z2r GF29.1/+; *or z2r I TM6 
male female male female 
21°C 29°C 21°C 29°C 21°C 29°C 21°C 29°C 
*= 29-lb 100%* 226.7% 118%* 312.5% 104 15 98 16 
(52) (17) (58) (25) 
*= 40-3b 280% 446.2% 237.5% 388.2% 55 13 64 17 
(77) (29) (76) (33) 
*= 51-3e 136.1% 675% 156.8% 514.3% 97 8 111 14 
(66) (27) (87) (36) 
*= 17-6a 248.9% 1200% 255.3% 455.6% 45 4 47 18 
(56) (24) (60) (41) 
f.• GF29.1 is a JIL-1 full-length construct inserted on the second chromosome. 
++represents JIL-1-wild type third chromosome. 
**denotes the mutated JIL-1 gene on the third chromosome. 
* the percentage is calculated as GF29.1/+; */z2r male number under 21°C 
(number in the ( )) divided by half of the GF29.1/+; *or z2r I TM6 male number 
under 21°C. 
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CHAPTER 4. GENERAL CONCLUSIONS 
General Discussion 
JIL-1 has been shown to play a vital role in Drosophila viability (Zhang et 
al., 2003b), associated with histone H3 serine 10 phosphorylation (Jin et al., 
1999). It is important for polytene chromosome structure maintenance (Jin et al., 
2000), is involved in dosage compensation pathways (Jin et al., 2000), 
molecularly interacts with the products of one of the regulatory genes, such as 
Zola (Zhang et al., 2003a), and it has genetic interactions with homeotic gene 
groups (Zhang et al., 2003b). By means of EMS mutagenesis, we have 
successfully induced a range of point mutations on JIL-1. Many of the new point 
mutants show temperature sensitivity. Point mutations and temperature 
sensitive mutants are wonderful genetic tools that can provide critical 
information about protein functional sites and protein active periods during 
development. 
Four newly induced mutants, that were selected to be further analyzed, 
show various, yet definite JIL-1 loss-of-function mutant phenotypes. The adult 
viability was low when paired with the JIL-1 null allele z2; their polytene 
chromosome morphology is perturbed; the JIL-1 protein on polytene 
chromosomes is either decreased in quantity, or mislocated to regions dissimilar 
to that of a wild type or both; western blot technique could not detect measurable 
amounts of JIL-1 protein; the male adults show a posterior to anterior homeotic 
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transformation phenotype; and a JIL-1 full-length construct was able to restore 
the adult viability. It is no doubt that these four mutations (17-6a, 29-lb, 40-3b 
and 51-3e) are JIL-1 alleles. However, analysis o these mutations has raised 
more questions about the exact function of JIL-1. For instance, why do all the 
four mutants examined have detectable levels of JIL-1 protein on polytene 
chromosomes, but have no detectable level of JIL-1 protein presented in western 
blots? Is histone H3 serine 10 phosphorylated normally in those mutants? Where 
are the functional sites in each mutant? Do any of the mutants have a dominant 
PEV effect on wm4 allele like the other strong JIL-1 deletion hypomorphs? How 
much and how do these four mutant JIL-1 protein participate in dosage 
compensation pathways? Can temperature-sensitive mutant JIL-1 alleles tell us 
when JIL-1 is required or active in any of the developmental stages? 
The generation of new point mutants is just the beginning point to resolve 
such important research questions. By taking advantage of the genetic nature of 
point mutations and t emperature-sensitive mutations, we should be able to 
achieve real progress on these research issues. In addition to eluting out the 
answers to these questions about JIL-1 function , analysis of the molecular 
nature of the lesions associat ed with such mutations will give important 
information connection JIL-1 structure with function. Long term, this should 
make a real contribution to our understanding of the nature of the role of 
chromatin structure in the regulation of gene expression. 
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Recommendations for Future Research 
The first priority for future studies is to identify the lesion site(s) in each 
mutant. The altered functional site(s) in a mutant is directly related to the 
functional domains involved in one of the gene expression regulatory pathways. 
From the alteration sites found, a function/structure relationship map could be 
constructed. The second experiment that can be done is to find the temperature-
sensitive period (TSP) for temperature-sensitive mutants. As mentioned in 
chapter 1, TSP provides useful information about the time when JIL-1 protein is 
functional in developmental stages. This also can tell us whether JIL-1 is a 
constantly required protein or a developmentally regulated gene product. 
Furthermore, the resulting affected phenotype(s) by temperature-pulse 
treatment will be a superior indication of a certain pathway that JIL-1 has a 
position in at the treated development stage. Genetic interactions between JIL-1 
and some of the PEV alleles available in the laboratory, like wm4 and 118E, can 
also be done by crossing mutant flies into these PEV backgrounds. The 
unpublished data from our laboratory shows that the stronger the JIL-1 mutant 
is, the stronger the dominant PEV phenomenon that JIL-1 mutant has on the 
PEV alleles. The domain of the mutated site(s) in the mutant who has no or 
opposite effect to that of the strong JIL-1 mutants under the same PEV allele 
background is probably involved in PEV pathway. 
In summery, despite different domain constructs can offer JIL-1 domain 
function information as well, there is no better choice than point mutations to 
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differ a solo function of one domain from the combined effect of missing other 
parts of the JIL-1 protein. Above all, temperature-sensitive mutation is an 
excellent tool to manually manipulate JIL-l's involvement in the target 
pathway. Many more possibilities can be accomplished by these newly generated 
point mutants while the main focus should be on the function/structure 
relationship. 
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